3. Design of Structures, Components,

Equipment and Systems AP1000 Design Control Document
TABLE OF CONTENTS
Section Title Page
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT
AND SYSTEMS ...ttt ettt ettt st e esteete e beessaesnsesnbeenseenseeneeas 3.1-1
3.1 Conformance with Nuclear Regulatory Commission General Design Criteria.............. 3.1-1
3.1.1 Overall REQUITEIMENLS .......cc.eieiiiiiriiieiiie ettt ettt e site et esbeeesaiee e 3.1-1
3.1.2 Protection by Multiple Fission Product Barriers ..........cccoeeveevveecveenieenneens 3.1-4
3.1.3 Protection and Reactivity Control SYStems ..........cceeveveeeneeeenieeniieeenieeennne. 3.1-11
3.14 FIUId SYSIEMIS ... ueviiieiiiiiie ettt e e e e e e e e 3.1-17
3.1.5 Reactor Containment............coceeveerienienienienieeeeete ettt 3.1-27
3.1.6 Fuel and Reactivity Control ...........cccovieeiiieeniiienieeiiicenieeeiee e 3.1-32
3.1.7 Combined License Information............cceccevuervueeneeneeniensienneeneeneenieeieens 3.1-34
3.1.8 RETEIEICES. ...ttt st st 3.1-35
3.2 Classification of Structures, Components, and SYStEMS ........ccccveerreeeriiirenieenieeenieeene 3.2-1
3.2.1 Seismic ClassifiCAtION «.....eerveerrieieniie ittt 3.2-1
32.1.1 Definitions....c...oovuieiiiiieiieeeteeeceeee e 3.2-1
3212 ClasSIfICALIONS ....ccouveerieeiniiieiiii ettt 3.2-3
3.2.1.3 Classification of Building Structures...........ccceeeveerieerneeeenneenns 3.2-3
322 AP1000 Classification SYSteM......cccueervueerriieriiieniieeenieeeieeenieenieeeseeesieeeas 3.2-3
3221 Classification Definitions .........c.ccceveeverveenieneenenicnieneeens 3.2-3
3222 Application of ClassifiCation ............ceeeveeereerenieenieeenieeenieene 3.2-4
3223 Equipment Class A ........coooieieiieiiieeeieeecte et esie e iee e 3.2-5
3224 Equipment Class B ........ccooiiiiiiiiiiiiiiiiieeeceeeeeeceee 3.2-5
3.2.2.5 Equipment Class C........coooiiieiiiiiiiieriieeieeeee e 3.2-6
3.2.2.6 Equipment Class D........ccooiiiiiiiiiiiiiiiieeceeeeeceeee 3.2-8
3.2.2.7 Other Equipment Classes .........cccveervererieeriiieeiieenieeeieeenveens 3.2-10
3.2.2.8 Instrumentation and Control Line Interface Criteria................ 3.2-11
3229 Electrical Classifications ..........c..ccoveeveeriirierieeneenicnieenenn 3.2-12
323 Inspection ReqUIrements.........ccc.eeevueeiiiieinieiinieeiieceiee et 3.2-12
324 Application of AP1000 Safety-Related Equipment and Seismic
Classification SYSTEIM......ccc.ueeriiiiiiieriiieiiee ettt ettt 3.2-12
325 Combined License Information............cecceeveereerierneeneeneenieeeeneeneeseeae 3.2-16
3.2.6 RETEICNCES. ..ceoutiiiiiiiiiieee et 3.2-16
3.3 Wind and Tornado LOadingsS........cccviervieeiiieiiieeiieeeiee et siee e eve et esereesreeens 3.3-1
3.3.1 Wind LOoadings. ... ..coouiiiiiiiiiiieieeeiecetee ettt ettt 3.3-1
3.3.1.1 Design Wind VelOCItY ......c.ceeeveereiireriieeiieeeiee e esiee e 3.3-1
3.3.1.2 Determination of Applied FOrces .........cccooveiiniiiniiiiniiineens 3.3-1
3.3.2 Tornado Loadings ........eevcvieeeiieeiieeiie ettt et e e s 3.3-1
3.3.2.1 Applicable Design Parameters...........cccevveerviienieeniiiiniecenieens 3.3-2
3322 Determination of Forces on Structures...........ccocceveeveeneeneennen. 3.3-2
3323 Effect of Failure of Structures or Components Not
Designed for Tornado Loads..........cceeeveercieeecieeniieecieeeeeeeen. 3.3-3
3324 Tornado Loads on the Passive Containment Cooling
System Air Baffle......ccooovvviiiiiiiiieeeeeeeee e 3.3-3
Tier 2 Material i Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
3.33 Combined License Information............ccoceveeeieeneenienieeieeeeneenec e 3.34
334 RETEIENCES. ... eeiuieiiiiiiiiicee e 3.34
34 Water Level (FI00d) DeSIZN ....cccuviiiiiiiiiieiiieeeiie ettt e eaee e 3.4-1
34.1 F100d ProteCtion......ccc.cevuieriiiiiiiiieiieieeeenite ettt 3.4-1
34.1.1 Flood Protection Measures for Seismic Category I
Structures, Systems, and COmMpPONENts..........occeeerveerreeeersueeennen. 3.4-1
34.1.2 Evaluation of Flooding EVents .........cccccceceevieniiniiniiinieneeee, 34-3
34.1.3 Permanent Dewatering SyStem.........ccceevcveeerieeenieensieeenieeenne 3.4-23
342 Analytical and Test Procedures..........cocveeeiieeriiiinieeniicenieeeieecee e 3.4-23
343 Combined License Information............ccccceveereeriienneeneenicniienneeneeneeneene 3.4-23
344 RETEIEICES. .....eiiiieiieiiie ettt 3.4-23
3.5 MiSSI1E PrOtECTION. ...cueiiiiiiiiiiiieiiceiic ettt 3.5-1
3.5.1 Missile Selection and DesCription...........cocueerieeerieensieeenieeenieenieeeniee e 3.5-3
3.5.1.1 Internally Generated Missiles (Outside Containment)............... 3.5-3
3.5.1.2 Internally Generated Missiles (Inside Containment) ................. 3.5-8
3513 Turbine MiSSIles ......cevviruiiriiiniiniiiieeeeecec e 3.5-10
35.14 Missiles Generated by Natural Phenomena..............cccoueeeenee. 3.5-11
3.5.1.5 Missiles Generated by Events Near the Site..........c.ccceeevennnee. 3.5-11
3.5.1.6 Aircraft Hazards .......ooooveeiiiiiniiiiiieeceeceecn 3.5-12
3.5.2 Protection from Externally Generated Missiles..........cccceceeeriieeerieernieeennen. 3.5-12
353 Barrier Design Procedures ........o.c.eovveeiiiinieiniiiiicenieeeceeceeee e 3.5-12
3.5.3.1 Ductility Factors for Steel Structures..........ccccceevveeecieenceennnen. 3.5-14
354 Combined License Information.............ccceeveeenieiiiicinieeinieenieeeiee e 3.5-15
3.6 Protection Against the Dynamic Effects Associated with the Postulated
RUPLUTE Of PIPING .ecnvviiiiiiiiieiiee ettt et 3.6-1
3.6.1 Postulated Piping Failures in Fluid Systems Inside and Outside
CONLAINIMENT...c..uteeeiieeiiieenitee ettt ettt et e sttt e st e esbteesbeeenabeesbeeenabeesanee 3.6-2
3.6.1.1 DeSign BasiS....cueiiiiieiiieeiie ettt 3.6-3
3.6.1.2 DESCIIPHION ...ttt ettt ettt 3.6-6
3.6.1.3 Safety Evaluation.........ccocvveriieiiieeiiieeriee e 3.6-8
3.6.2 Determination of Break Locations and Dynamic Effects Associated
with the Postulated Rupture of Piping .........cccoevveviiiiiiieiiieeie e 3.6-11
3.6.2.1 Criteria Used to Define High- and Moderate-Energy
Break and Crack Locations and Configurations...................... 3.6-11
3.6.2.2 Analytical Methods to Define Jet Thrust Forcing
Functions and Response Models ...........cceccveeeceeeniiirniieencnenens 3.6-19
3.6.2.3 Dynamic Analysis Methods to Verify Integrity and
L0375 21071 1 2SR 3.6-21
3.6.24 Protective Assembly Design Criteria........ccocceveereereereennenne 3.6-25
3.6.2.5 Evaluation of Dynamic Effects of Pipe Ruptures..................... 3.6-25
3.6.2.6 Evaluation of Flooding Effects from Pipe Failures ................. 3.6-28
3.6.2.7 Evaluation of Spray Effects from High- and
Moderate-Energy Through-Wall Cracks ......c...cccceeeeeneennenne. 3.6-28
Tier 2 Material ii Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
3.6.3 Leak-before-Break Evaluation Procedures...........cccevviiiniiiiniinniieenieeenee, 3.6-28
3.6.3.1 Application of Mechanistic Pipe Break Criteria..................... 3.6-30
3.6.3.2 Design Criteria for Leak-before-Break ...........ccooceeeiieeniennneen. 3.6-31
3.6.3.3 Analysis Methods and Criteria .......c..cceeevveeriieeenieeenieensieeennenn 3.6-33
3.6.34 Documentation of Leak-before-Break Evaluations.................. 3.6-34
3.64 Combined License Information............ccceeeceeeniieiiirinieeenieesiee e 3.6-34
3.64.1 Pipe Break Hazard AnalysiS........ccccevvueeriiiiniiieniieneieeeieeeeen 3.6-34
3.6.4.2 Leak-before-Break Evaluation of as-Designed Piping............. 3.6-34
3.6.4.3 Leak-before-Break Evaluation of as-Built Piping.................... 3.6-35
3.6.44 Primary System Inspection Program for Leak-before-Break
PAPING .eiiiieeee e 3.6-35
3.6.5 REfEIENCES. .. .eiiiiiiiiiiiiiice ettt 3.6-35
3.7 SEISINIC DIESIZIN ...ttt ettt ettt st 3.7-1
3.7.1 SEISTNIC INPUL ..ottt ettt e st esbee e sabee e 3.7-1
3.7.1.1 Design Response SPEeCtra .........eeeveeeuiieriieeniiesiieesiieeesiee e 3.7-1
3.7.1.2 Design Time HiStOTY ......cccueevieeiiiiieeiiieieeriee e 3.7-3
3.7.1.3 Critical Damping Values .........ccoceeevuirenieeniiieenieenieeeriee e 3.7-4
3.7.14 Supporting Media for Seismic Category I Structures ................ 3.7-5
3.7.2 Seismic SYStem ANALYSIS.......eeeeuieerieeiiieeniee et eeiee et e e e eite e e beeesbee e 3.7-5
3.7.2.1 Seismic Analysis Methods..........ccevevieeriieniiiiniieiieeiee e 3.7-8
3722 Natural Frequencies and Response Loads ...........cccccceeeeneeenne. 3.7-10
3.7.2.3 Procedure Used for Modeling...........cccceevveernieenieeenieeniieeen. 3.7-10
3.7.24 Soil-Structure INteraction ..........cceceeveereerrerneeneeneeneeeieene 3.7-14
3.7.2.5 Development of Floor Response Spectra..........ccceevveeeeuveennee. 3.7-14
3.7.2.6 Three Components of Earthquake Motion............cccceevueeneen. 3.7-14
3.7.2.7 Combination of Modal ReSponses...........cccecueerieercieernneeennnen. 3.7-15
3.7.2.8 Interaction of Seismic Category II and Nonseismic
Structures with Seismic Category I Structures, Systems or
COMPONECILS ....eeeeiieeiiieeriiieeieeeeteesieeesteesteeesateesseeesseeesseeenes 3.7-16
3.7.2.9 Effects of Parameter Variations on Floor Response
N 1511 1 : PSR 3.7-18
3.7.2.10  Use of Constant Vertical Static Factors..........cc.ccceceeveenecnnnen. 3.7-18
3.7.2.11  Method Used to Account for Torsional Effects..........c...c....... 3.7-18
3.7.2.12  Methods for Seismic Analysis of Dams...........cccccceevvivernneennne. 3.7-19
3.7.2.13  Determination of Seismic Category I Structure
Overturning MOMENES ........cceeerreeriueeerieenieeereeesieeereeeesreeenes 3.7-19
3.7.2.14  Analysis Procedure for Damping.............cccceeeverriirenieeeniennne 3.7-19
373 Seismic SUbSYStEmM ANALYSIS .....eeeevierriieerieeeieeeiie et et ereeeireesiee e 3.7-20
3.7.3.1 Seismic Analysis Methods.........ccceeevieerieeriieiniieeie e 3.7-20
3732 Determination of Number of Earthquake Cycles..................... 3.7-20
3.7.3.3 Procedure Used for Modeling............ccceecvveeeiieinieencieeenieeennee. 3.7-21
3734 Basis for Selection of Frequencies .........ccccoecvevvveerciieenneeennee. 3.7-22
3.7.3.5 Equivalent Static Load Method of Analysis..........cccceeveueeenneen. 3.7-22
3.7.3.6 Three Components of Earthquake Motion...........ccccccevueennee. 3.7-23
Tier 2 Material ii Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
3.7.3.7 Combination of Modal ReSponses..........c.cceeeveeeveveencreeenveennnnn 3.7-24
3.7.3.8 Analytical Procedure for Piping ..........cccccevviiiiniiiniienneennne. 3.7-28
3.7.3.9 Combination of Support ReSponses ..........ccccceveevvierieeneennene 3.7-33
3.7.3.10  Vertical Static Factors ..........cceceeveeriiniiiiiieiienecnieeiceccneens 3.7-35
3.7.3.11  Torsional Effects of Eccentric Masses........cccccevveerueriiennieennenns 3.7-36
3.7.3.12  Seismic Category I Buried Piping Systems and Tunnels......... 3.7-36
3.7.3.13  Interaction of Other Systems with Seismic Category I
SYSTEIMS ..evveeiiieeiiieeeiieeeiee et e et e eeateesbeesbeeesabeesnaeeessteesneeenanes 3.7-36
3.7.3.14  Seismic Analyses for Reactor Internals ...........ccccceeeeneeneennenn. 3.7-42
3.7.3.15  Analysis Procedure for Damping............ccccceeveerriieenieenneennne 3.7-42
3.7.3.16  Analysis of Seismic Category I Tanks........cc.cccocueeveineenennnen. 3.7-43
3.7.3.17  Time History Analysis of Piping Systems ...........ccccecverrveennne. 3.7-43
3.74 Seismic INStrumentation.........o.cueeerieeriieeenieeniieeniee ettt eieee s 3.7-44
3.74.1 Comparison with Regulatory Guide 1.12 .........ccceevvivennennen. 3.7-44
3.7.4.2 Location and Description of Instrumentation ............ccc...c....... 3.7-44
3.74.3 Control Room Operator Notification............ccceeeveercieeriveenneens 3.7-46
3.7.44 Comparison of Measured and Predicted Responses................. 3.7-46
3.7.4.5 Tests and INSPECIONS......ccuveerriieeriieeiieeiieeeieeeriee e e eeee e 3.7-46
3.7.5 Combined License Information.............ccceeeeeenieiiiecinieeinieeniee e 3.7-47
3.7.5.1 Seismic Analysis Of Dams .........ccceeeveeriieeiieeniiieerieeeiee e 3.7-47
3752 Post-Earthquake Procedures...........cocceeevieiinieeiniceniecenieeenee. 3.7-47
3753 Seismic Interaction ReVIEW .........cccccevieriiiiiiniiniiniceeeieee 3.7-47
3754 Reconciliation of Seismic Analyses of Nuclear Island
STUCLUTES vttt ettt ettt 3.7-47
3.7.55 Free Field Acceleration Sensor............ccoveeevieenieenieeenueenneenn 3.7-47
3.7.6 RETEIEINCES. ..c.utiiiiiiiiiieiiee ettt 3.7-47
3.8 Design of Category I STrUCTUIES ...c...eiiiiiiiiiiiiiieeiiceeiee ettt 3.8-1
3.8.1 Concrete CONLAINMENT. ....cc.eertiriiereerieeree et erteesieesiae e ebeesbeesaeesaeeereenee 3.8-1
3.8.2 Steel CONTAINIMENT ......ccoutiiiiiiiieieniiee ettt ettt e st e s esbeeesabee e 3.8-1
3.8.2.1 Description of the Containment.............cceeeeeveeerveercieeessieeeneeenns 3.8-1
3.8.2.2 Applicable Codes, Standards, and Specifications...................... 3.8-4
3.8.2.3 Loads and Load Combinations..........c..ccecueevueenieeneeneenneeneennee. 3.8-4
3.8.24 Design and Analysis Procedures ........c.ccceevvueeinieiniieinieeinieens 3.8-6
3.8.2.5 Structural Criteria.....coeereererrierieeieeieereeneeete e 3.8-15
3.8.2.6 Materials, Quality Control, and Special Construction
TEChNIQUES ....vveeiiie et 3.8-15
3.8.2.7 Testing and In-Service Inspection Requirements .................... 3.8-16
3.8.3 Concrete and Steel Internal Structures of Steel Containment...................... 3.8-16
3.8.3.1 Description of the Containment Internal Structures ................ 3.8-16
3.8.3.2 Applicable Codes, Standards, and Specifications.................... 3.8-20
3.8.3.3 Loads and Load Combinations ...........cceeeveeerieeenieennieeennieeennne 3.8-21
3.8.34 Analysis Procedures .........cccoecveevciieeniieniie e 3.8-23
Tier 2 Material iv Revision 12



3. Design of Structures, Components,
Equipment and Systems

AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
3.8.3.5 Design Procedures and Acceptance Criteria..........c..cceevveennee.. 3.8-30
3.8.3.6 Materials, Quality Control, and Special Construction

TEChNIQUES ....eveeiie et 3.8-37
3.8.3.7 In-Service Testing and Inspection Requirements .................... 3.8-39
3.8.3.8 Construction INSPection.........cceeveerieriieeieenienieeeeee e 3.8-39
3.84 Other Category I StruCtUIes. ........cccueeeiiiiiiiiieiee ettt 3.8-39
3.8.4.1 Description of the Structures .........o.cceveeercieeieenienieeiceseeneene 3.8-39
3.8.4.2 Applicable Codes, Standards, and Specifications.................... 3.8-44
3.8.4.3 Loads and Load Combinations ...........cceeeveeerieeenveenneeennneeennes 3.8-44
3.8.44 Design and Analysis Procedures ..........cccceevvieernveensieenieeennne. 3.8-47
3.8.4.5 Structural Criteria.....coocveerieerieerieenieeeieeniee et 3.8-50
3.8.4.6 Materials, Quality Control, and Special Construction
TEChNIQUES ... 3.8-52
3.8.4.7 Testing and In-Service Inspection Requirements .................... 3.8-54
3.8.4.8 Construction INSPeCction.........cceeevveeenieernieeniieeenieereeeneeeee 3.8-55
3.8.5 FOUNAtions. .......cooiiiiiiiieieccecee ettt 3.8-55
3.8.5.1 Description of the Foundations............cccceeevieeiniiennieenneennnne. 3.8-55
3.8.5.2 Applicable Codes, Standards, and Specifications.................... 3.8-55
3.8.5.3 Loads and Load Combinations ...........cceeeveeerieeenieennieeenneeennne 3.8-56
3.8.54 Design and Analysis Procedures ...........ccceeveveeenieencieeencneeennne. 3.8-56
3.8.5.5 Structural Criteria.....cooveerveerieenieiiieeerieenee et 3.8-59
3.8.5.6 Materials, Quality Control, and Special Construction
TEChNIQUES ....eeeiieeeiiie et 3.8-61
3.8.5.7 In-Service Testing and Inspection Requirements .................... 3.8-61
3.8.5.8 Construction InSpection..........ceevveeenieeriieeniieinieeeeeeeeeene 3.8-62
3.8.6 Combined License Information............coccceveereerierneenieenienieeneeneeneeneeae 3.8-62
3.8.6.1 Containment Vessel Design Adjacent to Large
Penetrations ........coceeveeriiniiiiieeentceeee e 3.8-62
3.8.6.2 Passive Containment Cooling System Water Storage Tank
EXamination .......c.ccceeeerieriinnieineeneenieeieeeeste e 3.8-62
3.8.6.3 As-Built Summary Report .........cocceeeviiiiiiiiniiiniiiiiieneeee, 3.8-62
3.8.6.4 In-Service Inspection of Containment Vessel..........c.cccceenee.. 3.8-62
3.8.7 RETEICNCES. ... ouetiiiiiiiieet ettt 3.8-62
3.9 Mechanical Systems and COMPONENLS ........ccccverrriiieriieerieeetieeireesreeesreesreeesereesseeenes 3.9-1
39.1 Special Topics for Mechanical Components...........cccceeveeeeeueenieenieerieerseeennens 3.9-1
39.1.1 Design TransSients .......ccceeeveeeeieeerieeeiieerieeeseeesreeeveeesereeenneenes 3.9-1
39.1.2 Computer Programs Used in Analyses .........ccccceeeevvercueenueenne. 3.9-26
39.1.3 Experimental Stress Analysis ......ccceeeveeeeveeniieeniieenieenineeeennn 3.9-27
39.14 Considerations for the Evaluation of the Faulted
CONAILIONS ...ttt 3.9-27
39.15 Module Interaction, Coupling, and Other Issues ..................... 3.9-27
Tier 2 Material v Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
3.9.2 Dynamic Testing and ANALYSIS........c.ceecvrerereeeriieriiirerieeereesreeeereeseeeenenes 3.9-27
39.2.1 Piping Vibration, Thermal Expansion, and Dynamic
EATECES e 3.9-27
39.22 Seismic Qualification Testing of Safety-Related
Mechanical EQUIPMENt.........c.ccocveiveiieeiiieriie e ciee e 3.9-30
39.23 Dynamic Response Analysis of Reactor Internals under
Operational Flow Transients and Steady-State Conditions .....3.9-32
39.24 Pre-operational Flow-Induced Vibration Testing of
Reactor Internals .........coceeevieiniiiiniiiniiiieececeeee 3.9-35
39.25 Dynamic System Analysis of the Reactor Internals
Under Faulted Conditions ...........cocceeveenienienieniieniceceneeee. 3.9-38
39.2.6 Correlation of Reactor Internals Vibration Tests with the
Analytical ReSUltS........ccccviireiiririieiiie e eee e 3.9-41
393 ASME Code Classes 1, 2, and 3 Components, Component Supports,
and Core SUPPOTt SITUCLUTES ....ceuvvieeiriiieeeeiieeeeeieeeeeeeteeeeieeeeesbeeeeseeneeas 3.9-41
39.3.1 Loading Combinations, Design Transients, and Stress
LAMIES 1ottt e 3.9-42
3932 Pump and Valve Operability Assurance..........ccccoceeveeveerunenne 3.9-57
3.9.3.3 Design and Installation Criteria of Class 1, 2, and 3
Pressure Relieving Devices .........cocevvienienieniiinnicnnieeneeneenee. 3.9-59
3934 Component and Piping SUpports.......ccccceeeevveercrieerveescveennnnnn 3.9-61
3935 Instrumentation Line Supports ......c..ccocceeveereeroieeneeneerieeenneen. 3.9-65
394 Control Rod Drive System (CRDS) ......ccocvveeeiieiriieeieecee et 3.9-65
3941 Descriptive Information of CRDS .........cccccooiiniiiniiiniinicnnene 3.9-65
3942 Applicable CRDS Design Specifications ............cccccverevverneens 3.9-71
3943 Design Loads, Stress Limits, and Allowable
DefOrmations..........ceieerieriieieeree sttt 3.9-73
3944 Control Rod Drive Mechanism Performance
Assurance Program ...........ccccoveviiiiniiiiiiniiiee e, 3.9-74
395 Reactor Pressure Vessel Internals ...........ccooveeeviieiiiiiiiiiniieniecceceeeeen 3.9-75
3951 Design Arrangements ..........ceecveeerveerereeercreeesreesreeesreesssveesnnes 3.9-75
3952 Design Loading Conditions........c..cceceevvervenveeneeniecneeneeneenne. 3.9-78
3953 Design Bases ......eeevuiiiiiieiieeeiie et 3.9-79
3.9.6 Inservice Testing of Pumps and Valves .......cc..ccoceeveiniiniinicnncenienecnene 3.9-81
3.9.6.1 Inservice Testing of PUmps .........ccccoeeveeeviienciieniieeieeeee e, 3.9-82
3.9.6.2 Inservice Testing of Valves .......c.cccoceevieeniiniiricnncenecnicnncne 3.9-82
3.9.6.3 Relief REQUESTS......cvieiiieeiieeeiieectee et 3.9-88
3.9.7 Integrated Head Package..........cocoovuieiiieiiiniiniiiiiciccccneciceceieesecee 3.9-88
3.9.7.1 Design Bases .....uueeuiieiiieeiiieeiie et 3.9-88
39.7.2 Design DesCription ........cceevueereireiriieenieeneeneereeeieeniee e 3.9-90
3.9.7.3 Design Evaluation .........cccceeevieeeriieenieeeiee e eeree e 3.9-91
39.7.4 Inspection and Testing Requirements............cccccceveeeveeneenncne 3.9-92
Tier 2 Material vi Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
3.9.8 Combined License Information............cccceeveereeiieiieenieenienieeeesieesee e 3.9-92
3.9.8.1 Reactor Internals Vibration Assessment and Predicted
RESPONSE ... 3.9-92
3.9.8.2 Design Specifications and Reports.............cccceeveeriieriieneennene 3.9-92
3.9.8.3 Snubber Operability Testing.........cccceeveereenienieniinieeeeneene 3.9-93
39.8.4 Valve Inservice TeSting ......cccccevereeruinienenirsenieneereneerenieenne 3.9-93
3.9.8.5 Surge Line Thermal Monitoring..........cocceeevveeveeneenrereenuenneenn 3.9-93
3.9.8.6 Piping Benchmark Program...........c..ccocceeviiiniiiniiininninnicnen, 3.9-93
3.99 RETEIEICES. ... ittt st st 3.9-93
3.10 Seismic and Dynamic Qualification of Seismic Category I Mechanical and
Electrical EQUIPIMENT......cccuviiiiiiiieeeiiiee ettt ettt e e e e e e eeeennaeeean 3.10-1
3.10.1  Seismic and Dynamic Qualification Criteria...........cceeercieriuervieeseeneeneennen. 3.10-2
3.10.1.1 Qualification Standards ...........cocovveieeiiiiieiiiie e, 3.10-2
3.10.1.2  Performance Requirements for Seismic Qualification............. 3.10-3
3.10.1.3  Performance Criteria .........cecceerieriueriiieiiienieeniiesee e eie e 3.10-3
3.10.2  Methods and Procedures for Qualifying Electrical Equipment,
Instrumentation, and Mechanical Components............cccceecveeenieeniieeenieennne 3.10-3
3.10.2.1 Seismic Qualification of Instrumentation and Electrical
EQUIPIMENT ...ueiiiiiiiiiieiiieee ettt 3.10-4
3.10.2.2  Seismic and Operability Qualification of Active
Mechanical EQUIPMENL..........coovueieniiiiiiieniiiiieenieeeiecenieeeae 3.10-4
3.10.2.3  Valve Operator Qualification ...........cccceerveernieenieerneeenueennne. 3.10-6
3.10.2.4  Seismic Qualification of Other Seismic Category I
Mechanical EQUIPMENL..........coovveiiniiiiiiiiniieiieeniee e 3.10-6
3.10.3  Method and Procedures for Qualifying Supports of Electrical
Equipment, Instrumentation, and Mechanical Components............ccc......... 3.10-6
3,104  DOCUMENTALION .....coruuiiiiiieniieeeiteeeiteenitee ettt e stee ettt e sabeeesabeeebeeesabeeebeeesareeas 3.10-7
3.10.5  Standard Review Plan Evaluation........cc.ccccoeveiiniiinniiinniiiniiiiiceneceeen 3.10-7
3.10.6  Combined License Information Item on Experienced-Based
QUALITICALION ....eiiiiiiieee ettt e e e ettt e e e e e e ettt be e e e e e e e e eaaarraeeeas 3.10-7
3.10.7  RELETENCES.c...uiiiiiiiiiiieiiieeite ettt ettt n 3.10-7
3.11 Environmental Qualification of Mechanical and Electrical Equipment ...................... 3.11-1
3.11.1  Equipment Identification and Environmental Conditions...........ccccccceruuenee 3.11-1
3.11.1.1  Equipment Identification ............cccccecevieeriiiinieeniieinieenieeene 3.11-1
3.11.1.2  Definition of Environmental Conditions ............cccceeveernueennne. 3.11-1
3.11.1.3  Equipment Operability Times ..........cccccceevieenieenneeenieeniieenne 3.11-3
3.11.1.4  Standard Review Plan Evaluation ..........c.ccccoceivniiinniinnnennns 3.11-3
3.11.2  Qualification Tests and AnalysiS........cccceervueerieeiniieniieeniieenieenieeeieeenaeene 3.11-3
3.11.2.1  Environmental Qualification of Electrical Equipment............. 3.11-3
3.11.2.2  Environmental Qualification of Mechanical Equipment.......... 3.114
3113 LoSS Of Ventilation.....cccueeeiiiiiieiiiiiiiee ettt ettt 3.114
3.11.4  Estimated Radiation and Chemical Environment.............cccocueevnieennieennnen. 3.11-5
3.11.5 Combined License Information Item for Equipment Qualification File......3.11-5
3.11.6 RELTENCES. .. .uiiiiiiiiiiieieeetee ettt ettt s 3.11-5
Tier 2 Material vii Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
APPENDIX 3A HVAC DUCTS AND DUCT SUPPORTS .......cootiieiieeieeeeeee et 3A-1
3A.1 Codes and Standards ........ooeeeeiieeriieiie ettt e s e 3A-1
3A2 Loads and Load COmMbINAtIONS .........cccuvierreeeiiieniieeiieesieesiteeseveeeseeessseesseeessseessseeenens 3A-1
BA2. 1 LOBAS ittt ettt st e 3A-1

3A2.1.1  Dead Load (D)...cccceeruieiiieniienieiieeieeeesieeste et 3A-1

3A.2.1.2 Construction Live Load (L) ........ccooovvreiiiiiiiiiiiieieeeeeeeeeeee 3A-1

3A.2.1.3  PreSsure (P) ....uueeeeeeeeeeieieiiieieiieeeeeeeieeeeeeeeeeeeeeeeeeeaeeeeeeeseeaeereeeaaaeas 3A-2

3A.2.1.4  Safe Shutdown Earthquake (Eg) ....cccoovveirniiiniiiiniiiieeieeen, 3A-2

3A2.1.5  Wind Loads (W) ...oooioieieieneeeeeetete et 3A-2

3A.2.1.6  Tornado Loads (W).....cooeemreieieeieeeeiiieeeee e 3A-2

3A.2.1.7 External Pressure Differential Loads (Pa) .....ccooovvvvereiviviennnnneen. 3A-2

3A2.1.8  Thermal (To/Ta) coceereerieeiieeiieiieniiesee et eie e sae e 3A-2

3A.2.2  Load COmMDINAtIONS ....cccvviererireeiieeiieeiieeeteeeireesreeeereesreeessseessseeessesssseeenens 3A-2

3A3 Analysis and DESIZN....c...coouiiiiiiiiiiiiiieiteeeeeeete e 3A-3
3A.3.1 Response Due to Seismic Loads ........c.cceceveeeriieniieeiiieciie e 3A-3

3A3.2  Deflection Criteria. .. ...einueerrieeriiienieeeitieeeteesieeeiteesiteesbeeesiaeesabeesaeeesareesaes 3A-3

3A.3.3  Relative MOVEMENL ........cieiiieiiieeiieeeieeeieeesreeeieeesreesaeeesreessseeeeneessseeesenas 3A-3

3A3.4  AllOWADIE SHIESSES ...uverurieiiiiiinieinierieeteete ettt ettt st s eaee e 3A4

3A.3.5  CONNECHIONS ..vieeeriieiiieeiieesiteeetieesreeeteeesereeeseeeseseeesseeessseesssaeessseessseessseennnes 3A-4
APPENDIX 3B LEAK-BEFORE-BREAK EVALUATION OF THE AP1000 PIPING...................... 3B-1
3B.1 Leak-Before-Break Criteria for AP1000 Piping........cccccovoiviiiiiiiiiiiiiiieeeeeenceen. 3B-2
3B.2 Potential Failure Mechanisms for AP1000 Piping .........cccecceeviiiiiiiiiniiiinieeneeeeiee e 3B-2
3B.2.1  Erosion-Corrosion Induced Wall Thinning..........cc.ccccevvieerniienieeineennieennne 3B-2

3B.2.2  Stress Corrosion Cracking.........cceeceeeeiieriieniiieniie e eiee e et 3B-3

3B.2.3  Water HammET .........ooiiiiiiiieeiiiee ettt ettt e s 3B-5

3B.2.4  FAlIGUE cooueeieiiieeiieeeiee ettt ettt ettt s e ettt e et e e s bt e s nteesaneeenaee 3B-6

3B.2.5  Thermal AGING.....coooiiiiiiiiiiiiiiieieeete ettt et st s e e 3B-7

3B.2.6  Thermal StratifiCation ..........cccoceeiieiiiniinienicicececee et 3B-7

3B.2.77  Other MeChaniSIMS ......ccccuiiiieiiiieeeiiiieeeritee ettt e et e e e iee e e e seree e s aeee e e 3B-9

3B.3 Leak-Before-Break Bounding AnalysiS..........cceeviieerieeeiieiniieeiieeeieesiee e e eieeesiee s 3B-9
3B.3.1  Procedure for Stainless Steel PIping ........ccccoocveevieenniiiniieniiiinicenecenieene 3B-10

3B.3.1.1  Pipe Geometry, Material and Operating Conditions................ 3B-10

3B.3.1.2  Pipe Physical Properties ........ccccccevueeenieeniieinieenieciieenieeane 3B-10

3B.3.1.3 Low Normal Stress Case (Cas€ 1) ....cccceeeeeeeeevcvreeeeeeeeeeerneneen. 3B-11

3B.3.1.4  High Normal Stress Case (Case 2) ......ccceevueeenreenieeeneeenueenne 3B-11

3B.3.1.5 Develop the Bounding Analysis CUrve .........c.ccoccveevceveenneenne. 3B-12

3B.3.2  Procedure for Non-Stainless Steel Piping ........ccccccoeveeeniieiniiiiniceniecinieene 3B-12

3B.3.2.1 Pipe Geometry, Material and Operating Conditions................ 3B-12

3B.3.2.2  Calculations StePS .....ccovveeerieerriireniieeniieeeiee et et 3B-12

3B.3.2.3 Low Normal Stress Case (Case 1) ....ccceeeeeeeeecvreeeeeeeeeeirnennnn. 3B-13

3B.3.2.4  High Normal Stress Case (Case 2) ......ccceevveernveenieennieeenueennne 3B-13

3B.3.2.5 Develop the Bounding Analysis CUrve .........cccceccvveecvveeeveennne. 3B-14

Tier 2 Material viii Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
3B.3.3  Evaluation of Piping System Using Bounding Analysis Curves................. 3B-14
3B.3.3.1  Calculation Of StreSSes ......ccoceervueruerriernrirnieneeneeneenieeeeeieens 3B-14
3B.3.3.2  Normal Loads .......coceeiieniiiiiiniieiieieeeeeee e 3B-15
3B.3.3.3  Maximum Loads........coccoovuieiiiniiniiniiiccecceeeeen 3B-15
3B.3.3.4  Bounding Analysis Curve Comparison — LBB Ceriteria........... 3B-16
3B.3.4 Bounding Analysis ReSUILS .......ccccueeriiiiiiiiiiieiieeteeete e 3B-16

3B.4 Differences in Leak-Before-Break Analysis for Stainless Steel and Ferritic
SEEEL PIPC...neiieiiie ettt ettt e sttt et e e bt e s bt e e bt e e eateeebteenabeeens 3B-16
3B.5 Differences in Inspection Criteria for Class 1, 2, and 3 Systems..........ccccceeveerierunene 3B-16

3B.6 Differences in Fabrication Requirements of ASME Class 1, Class 2, and

C1aSS 3 PIPING...ceuutiiiiiiiiiieeiie ettt ettt ettt sabe e s e nbt e st e enaree s s 3B-17
3B.7 Sensitivity Study for the Constraint Effect on LBB ..........cccccooiiiiiiiiiiiiiiieeieeee 3B-17
3B.8 RETEIENICES ..t ettt s e 3B-17
APPENDIX 3C REACTOR COOLANT LOOP ANALYSIS METHODS.......cccccocviiiiiniiniinicieeee. 3C-1
3C.1 Reactor Coolant Loop Model DesCription.........c.c.eeeveeerieerniieinieenieeeniieenieeeieeeneeee e 3C-1
3C.1.1  Steam Generator Model .........ccccooiiriiriiiniiniiniieieeeececeeeeesecee e 3C-1
3C.1.1.1  Steam Generator Mass and Geometrical Model ........................ 3C-1
3C.1.1.2  Steam Generator SUPPOTLS ......cueeerveerrreerrrreerreeenireeseeeeseeesnseens 3C-1
3C.1.2  Reactor Coolant Pump Model..........ccoceeiiiiiniiiiiiiiiiiiieceieceeceee e 3C-2
3C.1.2.1  Static MOdel .....coouiiiiiiiiiiiiieeccceeeeeeeeeee e 3C-2
3C.1.2.2  Seismic Model.......coceiiiiiiiiiiiniiiiiiiiieceieeee e 3C-2
3C.1.2.3  Reactor Coolant Pump Supports........cccceeeveerciieenieencieeenieennen. 3C-2
3C.1.3  Reactor Pressure Vessel Model........cocceevieiiniiiniiiniiiiiieiiceiceeceeee e 3C-2
3C.1.3.1  Mass and Geometrical Model.........ccccccoceeniiriinninnenneeniennenn 3C-2
3C.1.3.2  Reactor Pressure Vessel SUPPOITS .....cceeerveeenieeniieeinieenieenieenn 3C-2
3C.1.4  Containment Interior Building Structure Model ...........ccccocevveriieenieeeineeennne. 3C-3
3C.1.5 Reactor Coolant Loop Piping Model .........ccooceeiviiiniiiiniiiniiiicineceieene 3C-3
3C.2 Design REQUITEIMENLS .......eveuiieeiieiiieeeiieeieeeiee ettt eeteeeseeeesaeeseeeessbeesstaeessseesnseeesnseenns 3C-3
3C.3 StAIC ATNALYSES ...eeiuiieeiiee ettt ettt ettt ettt st e be e e s e s b e e 3C-4
3C.3.1  Deadweight ANALYSIS ...veeeeieeeiiiiiiiieeiieeeieeeteesiee et etee e e neeeseeee e 3C4
3C.3.2  Internal Pressure AnalysiS........ccccovieeriiiiniiiiieiiiieeniee et 3C-4
3C.3.3  Thermal EXpansion ANalYSiS .......c.cccccurereiierrieeriiieenieeecieeeeieeenieeeseeeesneeeenens 3C-4
3C4 SEISINIC ANALYSES. .. uvtiiiiieiiiiiiiee ettt ettt et ettt e st e et e e s e ebaee s 3C-4
3C.5 Reactor Coolant Loop Piping StrESSES .....cccvverivieriieeiiieeeieeeieeeiieeeieesieeeseneesseessnneenns 3C-5
3C.6 Description of Computer Programs...........c.ccovueeiiiiiiniiiiiiiinieeeiceiee ettt 3C-5

APPENDIX 3D METHODOLOGY FOR QUALIFYING AP1000 SAFETY-RELATED

ELECTRICAL AND MECHANICAL EQUIPMENT ........ccoiiiiiiiiiiiiieieieeeee e, 3D-1
3D.1 PUIPOSE. .ttt ettt e e ettt e e st e e e sabbe e e seabaeeeseabteeeeeans 3D-2
3D.2 SCOPE .ttt ettt sttt ettt ettt et a e saeesareeneen 3D-2
3D.3 INrOAUCTION ..o 3D-3

Tier 2 Material iX Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
3D4 QUALITICAION CIItEIIA .eeiiiviieeeeiiieeeeiieeeeeiteeeeett e e e et e e e e et e e e eeteeeeeearaeeeesareeeeeesseeeeenerens 3D-3
3D.4.1  Qualification GUIAES .......cuveieeeuiiieeeiiiie et eieee et e e e e eeive e e e srreeeeeaaee s 3D-3

3D.4.1.1  IEEE Standards .........cccccevieiiiiienieeneenieeieeieesee e 3D-3

3D.4.1.2 NRC Regulatory GUides........ccccceeeverueeneenecrieenienneeneeneeeeeane 3D-5

3D.4.2  DEfINItIONS ..ouvveeeerieeiieeiiieeeiieeeteeeteeesteeeteeesereessbeeassaeessseesssseessseessseensseennnes 3D-7

3D.4.3 Mild Versus Harsh Environments..........cccceeeeeviiieeriieeeeniiiee e eeivee e 3D-7

3D.4.4  TESE SEQUENCE ..ceevuvrieeeiiiieeeeiieeeeeiteeeetteeeeabte e e s sabteeeesabaeeeesasteeeesseeeessneeens 3D-7

BDAS  AZINE ettt sttt et 3D-9

3D.4.5.1  Desig@n Life......cccciieciiiiiiieciieeieeciee et 3D-9

3D.4A.5.2  SRelf Life..ccoiiiiiiiieiieieeece et 3D-9

3D.4.5.3  Qualified Life .....ccccooierieniiiiiiieeeee e 3D-9

3D.4.5.4 Qualified Life Reevaluation ...........cccccceeeeeeeiiiinneeeeeeeeeeennenee. 3D-11

3D.4.6  Operability TiMe ......ccceccveieeiiieiiieeiieerieeeiee e esteeeeeeesreesaeeesneesseeeeneens 3D-11

3D.4.7  Performance CriteTiON.........ccccovueieriiierieerniieeneeeeieeesiteeeieesieeeniteesbeesnieeenes 3D-12

3D.4.8  MAIZIN.cicuiieeiieeiiieeieestee ettt e etteetreesreeeebeessseeestaeeassaeensseesnseeessseeassaeennseens 3D-12

3D.4.8.1 Normal and Abnormal EXtremes..........cccccceeeeeerieeeeecieeeennnen. 3D-13

BDA.8.2  AZING ittt e 3D-13

3D.4.8.3  RaIAtION ..uviiiiiiiiiieeiiiie ettt ettt e e 3D-14

3D.4.8.4  Seismic Conditions.........cceevevrereveeeriieerrieeiieesreesreeesereesveesnnns 3D-14

3D.4.8.5 High-Energy Line Break Conditions .......cc..ccecceveeveeveenicrnncnns 3D-14

3D.4.9  Treatment Of FAIlUIes ........cccceeeiiiiiiiieiiieeiie e 3D-15

3D.A10  Traceability ....ccccoovieriiriiriieiieieeeee ettt 3D-15
3D.4.10.1 Auditable Link Document .............ccceevevveeeieeeciirenieeeiee e 3D-15

3D.4.10.2  SIMILATIEY ..eevrrriieiiieieeieeriee ettt ettt et seeesneeeneeeneens 3D-16

3D.5 Design SPeCIfiCAtIONS .......cccviieiiireriieecieeetee e ette et sreeetteesaeeestreessseeessseeesseeeseeas 3D-16
3D.5.1  Normal Operating Conditions .........c.ccocveevieerieeneenienienienieeeereeeeneenaees 3D-16

3D.5.1.1  Pressure, Temperature, Humidity........ccccccovveverrenerienneeenreenne, 3D-17

3D.5.1.2  Radiation DOSE .......cccuviiiiiiiieieiiee ettt e 3D-17

3D.5.2  Abnormal Operating ConditionS.........c.ceecveerveercieeeseieeniriesseeesseessreeessneens 3D-18

3D.5.2.1 Abnormal Environments Inside Containment ......................... 3D-18

3D.5.2.2  Abnormal Environments Outside Containment....................... 3D-18

3D.5.3  SeiSMIC EVENLS..cciiiiiiiiiiiiiicciiiee ettt e e eetvee e e etre e e e enaaeeeenees 3D-19

3D.5.4 Containment Test ENVIIONMENT .......cccvveviieiiieeniieerieeeeieeeiee e eieeeseneas 3D-19

3D.5.5 Design Basis Event Conditions.........c.coceevervierneenienieniicnniceneeeeeeneennees 3D-19

3D.5.5.1 High-Energy Line Break Accidents Inside Containment......... 3D-19

3D.5.5.2  High-Energy Line Break Accidents Outside Containment......3D-22

3D.6 Qualification MeEthOdS..........oiieiiiiiiiiiie e et e et e e tb e e e e etraeeeeans 3D-23
3D.6.1  TYPE TOSE ittt ettt s 3D-23

3D.0.2  ANALYSIS uvvieeiieeiiieiiieeiieeeite ettt et e e et e st et e e e b e e sbeeenaeessraeenreeenreeens 3D-23

3D.6.2.1  SIMILATIEY ..eoviieiiiiiieieeieesiee sttt st eee e ens 3D-24

3D.6.2.2  SUDSHIULION ...vveeeevieeiieeiieeeieeeereeeiee e e etee e sereeeeeeesereeenes 3D-24

3D.6.2.3  Analysis of Safety-Related Mechanical Equipment................. 3D-25

3D.6.3  Operating EXPErieNCe........ccueeeviieriieeiieerieeeiieeeieeeeieeeseeeseseessseessseeensseens 3D-28

Tier 2 Material X Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
3D.6.4  On-Going QUAalifiCAtiON .......c.ccceviererireriieiiieeieeesieeesreeereeeseeeesereesseesaneenes 3D-28
3D.6.5 Combinations of Methods..........ccoceeriiriiriiiiniiniiiniiiceeeeeeeee e 3D-28

3D.6.5.1  Use of Existing Qualification Reports...........cccoeveveerreerrennnne. 3D-28

3D.7 DOCUMENTATION ...ttt ettt ettt sttt e sbe e smeesareeneens 3D-29
3D.7.1 Equipment Qualification Data Package .........c.cccccceevvervciieniiieniieeciee s 3D-30
3D.7.2  SPECHICALIONS ... .evieriiieeiiieeiteeciee ettt et ettt et eete e e eabe e st eeateesbeeesabee s 3D-30
3D.7.2.1  Equipment Identification..........c.cccccueevieeecieenieesiee e 3D-30

3D.7.2.2  Installation ReqUIrements...........ccccueervueeenieeenieenniieenieeesiee e 3D-30

3D.7.2.3  Electrical Requir€ments............ccceeeeenieeenieeniiieinieenieeenneennne 3D-31

3D.7.2.4  Auxiliary DeVICES.....c.eeevviirriiriniieiiieeiieeeite ettt 3D-31

3D.7.2.5 Preventive Maintenance ............cceecveernveenieeenieennieeenreeenueennne 3D-31

3D.7.2.6  Performance RequUirements.............cccecueeeruieeruieeneeenneeenneeennns 3D-31

3D.7.2.77  Environmental Conditions.......cc.ccceveveerieersieennieeeneeeneeeneeennne 3D-32

3D.7.3  Qualification PrOgram.........cccoecuiriiiiriniieiiie e eeiee ettt esiee st e s 3D-32
3D.7.4  Qualification DY TeSt...ccc.eiiriiiiniiiiiieeteeiee ettt 3D-32
3D.7.4.1  Specimen Description...........ccecueeerieeriieeeniieeniieenieeeniieesvee e 3D-32

3D.7.4.2 Number Tested ......ccceerviienieiiiiiiniieeiiieneeeeeee e 3D-32

3D.7.4.3  MOUNLNG ...cccutiieiieeeiieeiieeeiee et e eieeesieeeereeesareesnbeeesneeesaeeenes 3D-33

3D.7.4.4  CONNECHONS ....eertiieritieiiieeniieeeniteeetteenireeebeeesbeeenieeesabeeenareesane 3D-33

3D.7.4.5  TeSt SEQUENCE......ccecurieriieeiieeeiieeeieeeieeeeieeetreesetee e e eree e 3D-33

3D.7.4.6  Simulated Service Conditions ..........cccceerueernieenieenneeenieenne 3D-33

3D.7.477  Measured Variables........c..ccooeriiriiiriiiiiiiienienienieeeeeens 3D-33

3D.7.4.8  Type Test SUMMATY......cccerueerrireriieaniieenieeenieeenieeesieeeniee e 3D-34

3D.7.5  Qualification by ANalYSiS.......ccrvierierrrieeniieniieeieeeiieeeieeeieeeseneesseesaneenes 3D-35
3D.7.6  Qualification by EXPEri€nCe........ccocueirriierieiniiieeriiieniee et 3D-35
3D.7.7  Qualification Program Conclusions ...........ccocceereieeeriierriieenneeenieescieeenneenns 3D-35
3D.7.8 Combined License Information.............cceceeenueeriiienieiinieeniieiiceneeeeene 3D-35
3D.8 RETEIEICES ...ttt ettt 3D-35

Appendix 3D-Attachment A — Sample Equipment Qualification Data Package (EQDP)..................... 3D-63

Appendix 3D-Attachment B — Aging Evaluation Program ..............c.coeccvveviiiiiiieniieeeie e 3D-81

B.1 INEEOAUCTION ...ttt ettt e st e e esbee s 3D-81
B.2 (007 15115 AP TSP 3D-81
B.3 Basic APPIOACH ....coouiiiiiiiii e e 3D-81
B.4 SUDPIOZIAM A ..ottt et et e e s bee st e e steesnsteeenseesnseeesssaesnseesnseeans 3D-82
B.4.1 SCOPE -ttt ettt st ettt et e st eenaaee s 3D-82

B.4.2 AgIng MEChaniSImS .........ceeeiuiieiiiiieiiieciie et eee e e 3D-82

B4.3 TN .ottt ettt ettt ettt sat e st e e te et e b e st ne 3D-82

B4.4 OPerational SIrESSES......ccuiieerireriieeitieerieeeteeeeeesteeetreesreesseesseeesseesseens 3D-82

B.4.5 EXtErnal StIESSES «..uvveeutieiiieiitie ettt ettt ettt ettt sttt 3D-83

B.4.6 N7 11524 ] 1 4 RS 3D-84

B.4.7 Design Basis Event TeStING .....c...cocvevuierieniiniiiiiieiieieeneenie e 3D-84

Tier 2 Material xi Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

Section

B.5

TABLE OF CONTENTS (Cont.)

Title Page
B.4.8 AZING SEQUEIICE ....eeeiriieiiieeiieeieeeteeesteeete e et e eeaeesbeeessbeessaeesseesssseennnes 3D-84
B.4.9 Performance CriterION .............eieeeiiiiurieeeeeeeeeciireeeeeeeeeeeerrreeeeeeeeeetarreeeeeeeens 3D-85
B.4.10  Failure Treatment...........ooiiiiiiiiiiieeeiee ettt eeraee e e e e e 3D-85
SUDPIOZIam B ....ooiiiiiiiiiei ettt 3D-85
B.5.1 SCOPE eveieiie ettt ettt et et e ettt e et e et e e b e et e e et e e e bt e e anbee e taeenbaeenraeennreean 3D-86
B.5.2 Performance CriterTa.......cuvveeeeeeeeeiiiieeeeeeeeeeecteee e eeeeeeee e e e e e eeeareeeeeeeenn 3D-86
B.5.3 Failure Treatment........cooouvvveeeiieeieeeeeeeee et 3D-86

Appendix 3D-Attachment C — Effects of Gamma Radiation Doses Below 10* Rads on the

Mechanical Properties of Materials ...........ccceeveeeeeiniiiieeniiieeeeieee e, 3D-89
C.1 INEEOAUCTION ...ttt ettt et e st e et e e st eebteesabeeeaeeas 3D-89
C.2 SCOPC ettt et ettt et e st ettt e s be e e nbbeesbeeesaneeean 3D-90
C3 DISCUSSION ...ttt ettt sttt sttt et e saee s sanesane e 3D-90
C4 CONCIUSIONS ...ttt et ettt et b e b e s et eat e et e e beesbeesaeesatesareeane 3D-91
C.5 REFEIEICES ...ttt s s 3D-91
Appendix 3D-Attachment D — Accelerated Thermal Aging Parameters...........ccooccveeeeiiieiniiieeecieeenns 3D-96
D.1 INEEOAUCTION ...ttt sttt ebe e s 3D-96
D.2 ATThenius MOE] ........ooiiiiiiiiiii et 3D-96
D.3 ACHVALON ENEIZY..ccuiiiiiiiiiiiieiie ettt ettt sttt et e et e e ite e sbeeesasee s 3D-98
D4 Thermal Aging (Normal/Abnormal Operating Conditions) ...........cccceevvereerieeeceeeneens 3D-98
D.4.1 Normal Operation Temperature (Tp) ........ccoeeevuierieneeneenieeniiereeneeneeneeae 3D-98
D.4.1.1 External Ambient Temperature (T,)......cccceeevieniieecieeneeenee, 3D-98
D.4.1.2 Temperature Rise in Enclosure (T,).....cccccceeviiiiniiieiiieinieeenne. 3D-99
D.4.1.3 Self-Heating Effects (T))........ccccceovviiiniiiniiiiiiiiii, 3D-99
D.4.2 Accelerated Aging Temperature (Ti).....ccccooverveiinienieninicniieeeeeneeneee 3D-99
D.4.3 Examples of Arrhenius Calculations............cocceeveeriieniieinienieiieeieeseeneee 3D-99
D.4.3.1 For a Normally Energized Component Aged Energized ......... 3D-99

D.4.3.2 For a Normally De-energized Component Aged
ENergized ......c.ooviiiiiiiieieeee e 3D-100
D.5 Post-Accident Thermal AZING ........ccocueeiieiiiinieiieeie ettt 3D-100
D.5.1 Post-Accident Operating TEMPETatuIes .......ccecveeereeerrieeeriieerieeeriieeeieeenns 3D-100

D.5.2 Accelerated Thermal Aging Parameters for Post-Accident

CONAILIONS ...ttt ettt sttt e ea 3D-100
D.6 RETEIEIICES ...ttt sttt st e nae e 3D-101
Appendix 3D-Attachment E — Seismic Qualification Techniques .........cc..cceceveiiriiiniinencncnnennen. 3D-107
E.1 PUIPOSE.c.eteee et sttt sttt s e 3D-107
E.2 DEfINItIONS...c.eteiiieiieeteet ettt st 3D-107
E.2.1 1/2 Safe Shutdown Earthquake...........ccccoeviiniiniiiiiiniiniieeeeeeeeeeeen 3D-107
E2.2 Seismic Category I EQUIPMENt.........cccvieriiiiiieeniieeieeeite et 3D-107
E.2.3 ACtiVe EQUIPIMENT ..covuviiiiiiiiiiieiiieiiiceitee ettt et 3D-107
E.2.4 Passive EQUIPIMENL........ccciiiiiiiiiiieiieeeiie ettt esvee e 3D-107
Tier 2 Material xii Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
E.3 Qualification MethOdS..........ooiiiiuiiiiieiiie e e e ete e et e e e 3D-107
E.3.1 Use of Qualification by TeSting .........ccecueeriieriiiieiieeeiieenieeeiee e 3D-108

E3.2 Use of Qualification by ANalysis ........ccccveerviereiieeiireniieerieesreeeseveesvee e 3D-108

E4 REQUITEIMENLS. ...ttt ettt ettt e bt et e e sabe e s eateesabeeeneee 3D-108
E4.1 DamPINg ....cvvieeeiiiie e 3D-108

E4.1.1 TESHINE . c.veeieieeeiee ettt ettt ettt e e bte et eebee e eabee e 3D-108

E4.1.2 ANALYSIS .t 3D-109

E4.2 Interface REqQUITEMENTS .......ccoouiieriieiiiiieeiie ettt 3D-109

E4.3 Mounting SIMUIALION ......ooouiiiiiiiiiiiiieeee e 3D-109

E.4.4 1/2 Safe Shutdown Earthquake............ccooceeviiiiniiiiniiiiiieeeieeeee e 3D-109

E.4.5 Safe Shutdown Earthquake...........ccooouieiiiiiiiiiniiieeeeceeeeeen 3D-110

E.4.6 Other Dynamic Loads ........ccceeiuiiiiiiiniiieieeeteee et 3D-110

E.5 QUALIfICAtiON DY TESE.....iitieiiiiiiiie ettt sttt et 3D-110
ES5.1 Qualification of Hard-Mounted Equipment ............cccccccevviienieienieenieenns 3D-111

E52 Qualification of Line-Mounted Equipment.............ccooceervieenieennicenneenne 3D-111

E.52.1 Seismic Qualification Test Sequence .........cccceecveeerveerneeennne. 3D-112

E.5.2.2 Line Vibration AZINg ........cccoevveerviiiinieennieeniieenieeeeee e 3D-112

E.5.2.3 Single Frequency Testing ........coccveevveeerieeriieeniieeiieeeieeeee 3D-112

E524 SEISMIC AZING ..eeouviieiiiiiiiieeiiie ettt nitee s 3D-112

E.5.2.5 Static Pull Testing of Valves .......ccccevviirriiiiiieenieeeieeeen 3D-113

E5.3 Operational CoNAItiONS .........ecerueeriiieerieeniee ettt ettt niree s 3D-113

E54 Resonant Search TeSting........ccecviiriiieeiiieeiieeieeeiee et eiee e 3D-113

E.6 Qualification by ANALYSIS ..cc..eeiriiiiiiiiiiieniie ettt 3D-114
E.6.1 IMOAEIING......eeeeieeeiieeite et eeee ettt et e et e st e esaaeestee e aaeessseeeneeesnseeenns 3D-114

E.6.2 Qualification by Static ANalysiS........cceevueierieiriiiiiiieeniieenieeeee e 3D-115

E.6.3 Qualification by Dynamic Analysis ........ccccceevevireiieeriiieenieeeieeeeieeeieeenns 3D-115

E.6.3.1 Response Analysis.......c.ceeveeirieeiniiienieeeiee et 3D-115

E.6.3.2 Static Coefficient Method.........ccccooveriiniiniiinicniinicneeee, 3D-115

E.6.3.3 TImMeE HiSTOTY..couveiiiiieniiiiiiieeicette ettt 3D-116

E.7 Performance CIIteria .......cooueriiiiiiiieeieeiietet ettt 3D-116
E.7.1 Equipment Qualification by Test .......ccccueeriiiiriiiiiiieniienieeeieeeeee e 3D-116

E.7.2 Equipment Qualification by ANalysis ........ccccevevirerieercieerieeeiieesieeeieeenes 3D-116

E.7.2.1 Structural INteSrity......c.ceevieeriiiniiiiieeeeceeeeee e 3D-116

E.7.2.2 (00153 21011 111 2R 3D-116

APPENDIX 3E HIGH-ENERGY PIPING IN THE NUCLEAR ISLAND ......cccceiiiiiiiiiiiieneeeee e 3E-1
APPENDIX 3F CABLE TRAYS AND CABLE TRAY SUPPORTS.....ccccccoiiiiiiiiniircieeceeee 3F-1
3F.1 Codes and Standards ........oocueeeiieeiiieiie et 3F-1
3F.2 Loads and Load COmbINations.........c.ueeueerieeneerienienieeieenieesie ettt 3F-1
BE. 2.1 LOAAS ettt ettt ettt e bt e s e e 3F-1

3F.2.1.1  Dead Load (D)..cccceriiriiriiiieiieenieeeieeceeeeeeente s 3F-1

3F.2.1.2  Construction Live Load (L) .....ccccceevreiiiiiiiiiiieeeiieeeecreee e 3F-1

Tier 2 Material xiii Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
3F.2.1.3 Safe Shutdown Earthquake (Eg) .....cceeevvvevieeeciieniieeiieeieeeen 3F-2
3F.2.1.4  Thermal Load ......cccocueiiiiiiiiiieiieeiieeeeete et 3F-2

3F.2.2  Load COmDINAtIONS ......c.ceervieeriiiesiieerreeeteeesreeeteeesereeesseeesssessnsseesssessnsseensnes 3F-2
3F.3 ANalysis and DESIZN .....ccc.uiiiuiiiiiiiiiiieeie ettt ettt st esbee e 3F-2
) 20 T8 B B 1111 o 4V TP PUUP 3F-2
3F.3.2  SeiSMiC ANALYSIS ..ccouiiiiiieiiiiiiiieeiie ettt ettt e 3F-3
3F.3.3  AlIOWADIE SIIESSES ...vveeeeiiiiiieiiiiieeiiiieeeeiteeeesitteeeeitteeesabeeeesabeeeesnreeeesnneeas 3F-3
BF.3.4  CONNECHONS ...eeuvieeiiieiiieeriee ettt e eteeertteeebteesateesteeesateesbaeesabeeesteesnseesnsseesanes 3F-3
APPENDIX 3G INOt USEA ..ttt ettt st ettt e be e bt e st e et ebeenbeesaeas 3G-1
APPENDIX 3H AUXILIARY AND SHIELD BUILDING CRITICAL SECTIONS ........cccecveverenen. 3H-1
3H.1 INETOAUCTION ..ttt e e et e e e et e e e e abaee e s nbteessnseeesennnes 3H-1
3H.2 Description of Auxiliary BUilding..........c.covcuieriireiiiiiiienieeeeeeee et 3H-1
3H.3 DESIZI CIILETIA «euveeeniiieiiieeiee ettt ettt ettt ettt e st e st e e bt e e nabeesabeeebaeenbaeesabeeenneee 3H-2
3H.3.1 Governing Codes and Standards ...........cccceereieeriieeiieeniieeniee e 3H-3
3H.3.2  SeiSmiC INPUL ...t 3H-3
] = I8 20C TR 5o Y- T RSP PRTPR 3H-3
3H.3.4 Load Combinations and Acceptance Criteria..........ccooeerreeeneeenueensueersueenne 3H-7
3H.4 SEISTIIC ANALYSES. .. uuvieeiieeiieeriie ettt e eieeeette e st e etteeebeesteeesabeesbeeesabeesnseeensseesnseeesnseesnnes 3H-7
3H.4.1 Live Load for Seismic DeSIZN.....cc..ccovuieniiiiniiiniiiiiiienieeeieeniee e 3H-7
3H.5 Structural Design of Critical SECLIONS ........eevvuieerieiriieeieenite et eiee e e eeee e e 3H-8
BH.5.T  Shear WallS .....oviiieiiieecieie ettt e st e s e iar e e e ennaee s 3H-9
3H.5.1.1  Exterior Wall at Column Line 1 .........cccoecciiiviiinniiinieeieenee 3H-10
3H.5.1.2 Wallat Column Line 7.3 ....ccooviiiiiiiiiiiiieiiee e 3H-11
3H.5.1.3  Wall at Column Line L.......cccooociiiiiiiniiiiieeeeeee e 3H-11
3H.5.1.4 Wallat Column Line 11 ....ccooooiiiiiiiiiiiieeeeee e, 3H-11
3H.5.1.5 Shield Building Cylinder at Elevation 180’-0" ............c..c.c..... 3H-12
3H.5.2 Composite Structures (Floors and ROOf)........ccooueeviiiiiiiiniiiiniiiiiinieee 3H-12

3H.5.2.1 Roof at Elevation 180'-0", Area 6 (Critical Section is
between Col. Lines N & K-2and 3 & 4).......cccoevvvvvvvvennennnnnn. 3H-13

3H.5.2.2  Floor at Elevation 135-3", Area 1 (Between Column
Lines M and P).......cooooiiiiiiiiiieee e 3H-14
3H.5.3 Reinforced Concrete S1abs.........ooocviieriieriiieeiiie et 3H-14
3H.5.3.1 Tagging Room Ceiling .........ccovvueerviieiniieniiieiniiinieeeieenieeee 3H-15
3H.5.4 Concrete FINned FIOOTS.........cccviiiiiiiiieeiie ettt 3H-15
3H.5.5  Structural MOAUIES........cvviiiiiiiiie ittt e e et e e st e e e 3H-16
3H.5.5.1 West Wall of Spent Fuel Pool ............cccooeciieiiiiniiieieeeee 3H-17
3H.5.6  Shield Building ROOF ........coceiiiiiiiiiiiiee e 3H-18
3H.5.6.1  Tension RiNG ......ccccecuiviiiiiiciiieiie et 3H-18
3H.5.6.2 Column (shear wall) between Air Inlets ...........cccoevvveeeeennnnen.. 3H-18

3H.5.6.3  Exterior Wall of the Passive Containment Cooling

System TanK........cccooieriiniiniiiiieeee e 3H-19

Tier 2 Material X1V Revision 12



3. Design of Structures, Components,

Equipment and Systems AP1000 Design Control Document
LIST OF TABLES

Table No. Title Page
3.2-1 Comparison of Safety Classification ReqUirements .........cc..ccoceeevveeneeriicriceneeniecnnens 3.2-18
3.2-2 Seismic Classification of Building Structures .............coccceveerieriirieenicnrienieeeeneeae 3.2-19
3.2-3 AP1000 Classification of Mechanical and Fluid Systems, Components,

and Equipment (Sheets 1 — 05) .co.eoviiriiiiiiiiienieeeee et 3.2-20
3.6-1 High-Energy and Moderate-Energy Fluid Systems Considered for

Protection of Essential SYStEMS.........cocueeviiiriiiriiiniinienienteeeeeeteee e 3-6.37
3.6-2 Subcompartments and Postulated Pipe Ruptures (Pages 1 — 7)....cc.ccocevveenienieenneenne 3-6.38
3.6-3 NI Rooms with Postulated High Energy Line Breaks/Essential

Targets/Pipe Whip Restraints and Related Hazard Source (Sheets 1 —2)................... 3.6-45
3.7.1-1 Safe Shutdown Earthquake Damping Values.........ccccccecerviiniiniiininnicnicnececeee 3.7-51
3.7.1-2 Embedment Depth and Related Dimensions of Category I Structures ...........ccccceue... 3.7-52
3.7.1-3 AP1000 Design Response Spectra Amplification Factors for Control Points.............. 3.7-53
3.7.2-1 Coupled Shield and Auxiliary Buildings Lumped-Mass Stick Model

MOdal PIOPETTIES ....couveeuiiiiiiriiirieiteeteee ettt ettt st sttt e 3.7-54
3.7.2-2 Steel Containment Vessel Lumped-Mass Stick Model (Without Polar Crane)

Modal Properties (SREEt 1)......cc.eiiiiiiiiiiiiiieeiie ettt ettt n 3.7-55
3.7.2-2 Steel Containment Vessel Lumped-Mass Stick Model (With Polar Crane)

Modal Properties (SREEt 2)......c.eiiriiiiiieiiieeeite ettt ettt ettt e e e s s 3.7-56
3.7.2-3 Containment Internal Structures Lumped-Mass Stick Model

Modal Properties (SREEt 1)......cc.eiiiiiiiiiiiiiieeiie ettt ettt n 3.7-57
3.7.2-3 RCL Lumped-Mass Stick Model Modal Properties (Sheet 2)........cc.ccceeeveenienicnnenne. 3.7-58
3.7.2-4 Nuclear Island Combined Lumped-Mass Stick Model Modal Properties

(SREELS 1 — 5)uuiiiiiiiiie ettt ettt e e et e e e e e tbe e e e etbeeeeebbeeeeessaeesensaeeeannses 3.7-59
3.7.2-5 Maximum Absolute Nodal Acceleration (ZPA) Coupled Auxiliary &

Shield BUIlAINgS ......coovuieriiiniiiieiieeeeeeet ettt s 3.7-64
3.7.2-6 Maximum Absolute Nodal Acceleration (ZPA) Steel Containment Vessel ................ 3.7-65
3.7.2-7 Maximum Absolute Nodal Acceleration (ZPA) Containment Internal Structures ...... 3.7-66
3.7.2-8 Maximum Displacement Relative to Bottom of Basemat Coupled Auxiliary &

Shield BUIlAINgS ....c..cooviieriiiniiiieiieeeeeetetee ettt 3.7-67
3.7.2-9 Maximum Displacement Relative to Bottom of Basemat Steel Containment

VBSSCL .ttt sttt sttt 3.7-68
3.7.2-10 Maximum Displacement Relative to Bottom of Basemat Containment Internal

STIUCLUIES vttt ettt sae e sttt et et esbeesbe e saeesatesaneeabeebeenmeesaees 3.7-69
3.7.2-11 Maximum Forces and Moments Coupled Auxiliary and Shield Buildings.................. 3.7-70
3.7.2-12 Maximum Forces and Moments Steel Containment Vessel ..........ccccceveeveenecnecnncnne 3.7-71
3.7.2-13 Maximum Forces and Moments Containment Internal Structures .........cc.ccecceveennennee. 3.7-72
3.7.2-14 Summary of Models and Analysis Methods.........c..ccoceeviiniiniiinincniiieceenecees 3.7-73
3.7.2-15 Comparison of Frequencies for Containment Vessel Seismic Model......................... 3.7-74
3.7.2-16 Summary of Dynamic Analyses & Combination Techniques ...........cocccecerevericneennee. 3.7-75
3.7.3-1 Seismic Category I Equipment Outside Containment by Room Number

L 1 TST R B 3 TS PP 3.7-76
3.7.3-2 Equipment Classified as Sensitive Targets for Seismically Analyzed Piping,

HVAC Ducting, Cable TTays ......c.cccoveerieriiniieieeeeneeneeeteeieentee st st e s 3.7-79
3.8.2-1 Load Combinations and Service Limits for Containment Vessel.........c.cccccevereenenne. 3.8-67
3.8.2-2 Containment Vessel Pressure Capabilities .........c.coceevieriinienienieiienicenieeneeneeneeene 3.8-68
3.8.2-3 Analysis and Test Results of Fabricated Heads............cccceeevierciieenieeciieeieecieeeen 3.8-69

Tier 2 Material

XV Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

LIST OF TABLES (Cont.)

Table No. Title Page
3.8.2-4 Summary of Containment Vessel Models and Analysis Methods.............cccceevveennenne. 3.8-70
3.8.3-1 Shear and Flexural Stiffnesses of Structural Module Walls ..........ccccoevviiniiinniiinnene 3.8-71
3.8.3-2 Summary of Containment Internal Structures Models and Analysis Methods ............ 3.8-72
3.8.3-3 Definition of Critical Locations and Thicknesses for Containment Internal

SETUCTUTES eeenvtieriiiieiteeriee et stee ettt e stee ettt e sttt e eabeeesabeeebeeesbteesabaeesaneesabeeensteesabeeesaneenns 3.8-73
3.8.34 Design Summary of West Wall of Refueling Canal Design Loads, Load

Combinations, and Comparison to Acceptance Criteria Mid-Span at

Mid-Height (SHEEt 1) .ecveiiiiieiiiiieieerieeeiie ettt ettt ettt st e e teeteesseeseneenneens 3.8-74
3.8.34 Design Summary of West Wall of Refueling Canal Design Loads, Load

Combinations, and Comparison to Acceptance Criteria Mid-Span at

BaSE (SNEEL 2) oot e e e e e e e e e e e e e e ennaae 3.8-75
3.8.34 Design Summary of West Wall of Refueling Canal Design Loads, Load

Combinations, and Comparison to Acceptance Criteria North End

Bottom Corner (SHEEL 3) ....vviiieiiiiieeiiiie ettt ettt ettt e e e re e e e eba e e e e ebaeeeas 3.8-76
3.8.3-5 Design Summary of South Wall of Steam Generator Compartment

Design Loads, Load Combinations, and Comparison to Acceptance Criteria

Mid-Span at Mid-Height (SREEt 1)....cccueeeiiiiiiieiiieciee ettt 3.8-77
3.8.3-5 Design Summary of South Wall of Steam Generator Compartment

Design Loads, Load Combinations, and Comparison to Acceptance Criteria

Mid-Span at Base (SKEet 2).....ccueiiiuiiiiiieiiieieeete ettt 3.8-78
3.8.3-5 Design Summary of South Wall of Steam Generator Compartment

Design Loads, Load Combinations, and Comparison to Acceptance Criteria

West End Bottom Corner (SHEEt 3)......ooeiviiiieieeiiieee e 3.8-79
3.8.3-6 Design Summary of North-East Wall of IRWST Design Loads, Load

Combinations, and Comparison to Acceptance Criteria Mid-Span at

Mid-Height (SHEEt 1) .oouveeiiiiiiieiieieeriee ettt ettt ettt eteebeesseeseeesnneens 3.8-80
3.8.3-6 Design Summary of North-East Wall of IRWST Design Loads, Load

Combinations, and Comparison to Acceptance Criteria Mid-Span at

Bottom — Elevation 107-2" (SHEEt 2) ..cooouereeeieieeeeeeeeeeeee e 3.8-81
3.8.3-6 Design Summary of North-East Wall of IRWST Design Loads, Load

Combinations, and Comparison to Acceptance Criteria North End Bottom

Corner — Elevation 107'-2" (ShEEt 3) ...ccovciiiiieiiiiee ettt et evree e e 3.8-82
3.8.3-7 Design Summary of Steel Wall of IRWST.......ccocoiiiiiiiciieiece e 3.8-83
3.8.4-1 Load Combinations and Load Factors for Seismic Category I Steel Structures .......... 3.8-84
3.8.4-2 Load Combinations and Load Factors for Seismic Category I Concrete

SETUCTUIES eenetieeiitteitee ettt ettt et e et e et esabe e e bteesabeeebteessbeesabbeesabeesbeeensteesabeeesaseenns 3.8-85
3.8.4-3 Acceptance Tests for CONCrete AZEregates ......c.ueuvurrrirerereeeereeerreesireesreeessreessseesssees 3.8-86
3.8.4-4 Criteria for Water Used in Production of CONCIete ..........cceevveievieerieenieeenieenieeneen 3.8-87
3.8.4-5 Types of Water Reducing Agents Used in Production of Concrete...............cccvveenneen. 3.8-88
3.8.4-6 Materials Used in Structural and Miscellaneous Steel ............ccoocceeviiieniiiinieennieennne. 3.8-89
3.8.5-1 Minimum Required Factor of Safety for Overturning and Sliding of Structures......... 3.8-90
3.8.5-2 Factors of Safety for Flotation, Overturning and Sliding of Nuclear Island

SETUCTUTES eeenvtieriiiieiteeeiee et etee ettt e st ettt e st eebeeesabeeebeeesbteesabeeesaneesabeeensseesaberessneenns 3.8-91
Tier 2 Material xvi Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

LIST OF TABLES (Cont.)

Table No. Title Page
3.8.5-3 Definition of Critical Locations and Thicknesses for Nuclear Island Basemat............ 3.8-92
3.9-1 Reactor Coolant System Design Transients (Sheets 1 —2).....ccccevevviriinncnicriecnnenne 3.9-96
3.9-2 Pump Starting/Stopping ConditionS...........c.eeeeveeeeireririenirieerieeeeeesreesreeeereesveeeenes 3.9-98
3.9-3 Loadings for ASME Class 1, 2, 3, CS and Supports (Sheets 1 —2)......cccccceveenenncnne 3.9-99
3.9-4 First Plant AP1000 Reactor Internals Vibration Measurement Program

TranSAUCET LOCALIONS ......cceiueieriieiiiieiiee ettt ettt ettt et e ettt e e bte e siteeebeeesans 3.9-101
3.9-5 Minimum Design Loading Combinations for ASME Class 1, 2, 3 and

CS Systems and COMPONENLS......c..uerverriierierierieeieeieeneente et et eseesee e ereereesaees 3.9-102
3.9-6 Additional Load Combinations and Stress Limits for ASME Class 1 Piping ........... 3.9-103
3.9-7 Additional Load Combinations and Stress Limits for ASME Class 2, 3 Piping ....... 3.9-104
3.9-8 Minimum Design Loading Combinations for Supports for

ASME Class 1, 2, 3 Piping and COMPONENLS.......c.cccovueerreerieneenieeieenieeneeneeneeenees 3.9-105
3.9-9 Stress Criteria for ASME Code Section III Class 1 Components and

Supports and Class CS Core SUPPOILS ....cc.eeruvirruiriiieiienieeneeneerteeteereeniee e 3.9-106
3.9-10 Stress Criteria for ASME Code Section III Class 2 and 3 Components and

SUPPOILS ettt ettt ettt ettt sttt et et s et et et e beesbeesaeesaneeaneens 3.9-108
3.9-11 Piping Functional Capability — ASME Class 1, 2, and 3..........ccccceeviierieeerieeeneeens 3.9-110
3.9.12 List of ASME Class 1, 2, and 3 Active Valves (Sheets 1 —7) ..cccoveeeeiiieenciieeeennen. 3.9-111
3.9-13 Control Rod Drive Mechanism Production Tests.........c.ccceeeerienieniiinieniinieeeeee. 3.9-118
3.9-14 Maximum Deflections Allowed for Reactor Internal Support Structures.................. 3.9-119
3.9-15 Computer Programs for Seismic Category 1 COmponents ...........cccceeerevveerveeereveennne 3.9-120
3.9.16 Valve Inservice Test Requirements (Sheets 1 — 21) ...cooceevviiiiiiiiniiiiiiieenieceeeeee, 3.9-121
3.9-17 System Level Operability Test REqUIrements ...........ccceeceeercieeecieenirieerieescieeesvee e 3.9-167
3.9-18 AP1000 Pressure 1S0lation ValVes .........cooceiiiiiiiiiiniiiiiieeiee et 3.9-169
3.11-1 Environmentally Qualified Electrical and Mechanical Equipment

(SREELS 1T — 45).uiiiiieiieee ettt ettt sttt ettt e st e s ebesabeebeebee st e saneennes 3.11-6
3B-1 AP1000 Leak-Before-Break Bounding Analysis Systems and Parameters

(SREELS 1 — 2)uiiiiiieiiie ettt ettt e ettt e e et e e e e ette e e e e tbeeeeetbeeeeesnseaaeensseeeeansseeesannses 3B-19
3D.4-1 Typical Mild Environment Parameter LimitS...........cccoeveieeriiierciieeniie e eeiee e 3D-37
3D.4-2 Equipment Post-Accident Operability TImes ........ccccoeeerieriiriiirniinieneenecnierieeens 3D-38
3D.4-3 AP1000 EQ Program Margin ReqUirements .............ceeerveercreeerveessieeenreeeereesnneenenens 3D-39
3D.5-1 Normal Operating Environments (Sheets 1 —3).......ccccceviiniiniinniininiiiiceeeneeneene 3D-40
3D.5-2 60-Year Normal Operating DOSES .........eevcvieeriieiiiieeiieeeieeerveesieeereeereeeereesnreeesenee s 3D-43
3D.5-3 Abnormal Operating Environments Inside Containment...........coccoceeveericrneeneennenns 3D-44
3D.5-4 Abnormal Operating Environments Outside Containment.............cccceecveerreveereveeennnennn 3D-45
3D.5-5 Accident ENVITONIMENTS .........eiiiiiiiiiiieniieeiieeriee et eetce ettt siieesite e steesiteesabeesnaaeesaeeas 3D-46
3D.6-1 Mechanical Equipment Components Requiring Environmental Qualification............ 3D-47
3D.B-1 Typical Class 1E Equipment Scope and Subprogram Allocation...........ccccceeeevueencene 3D-87
3D.B-2 Aging MechaniSm SEQUENCE .........cueervieeciiieeiie e eriee et sreeeteeesreesereesreesseaeesnsees 3D-88
3D.C-1 Radiation-Induced Degradation of Material Mechanical Properties (Sheets 1 — 2).....3D-93
3D.D-1 Activation Energies From Westinghouse Reports (Sheets 1 —2).......cccceevevvverveeenee. 3D-102
3H.5-1 Nuclear Island: Design Temperatures for Thermal Gradient............c.cccoeeeneeriicnncen. 3H-20
Tier 2 Material xvii Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

LIST OF TABLES (Cont.)

Table No. Title Page
3H.5-2 Exterior Wall on Column Line 1 Forces and Moments in Critical

Locations (SNEets T — 2) ...uuiiiiiiiiieeeiiie ettt ettt e e rre e e e eve e e e enerbeeeeneaeeens 3H-21
3H.5-3 Exterior Wall on Column Line 1 Details of Wall Reinforcement (Inch*/foot) ............ 3H-23
3H.54 Interior Wall at Column Line 7.3 Forces and Moments in Critical Locations............. 3H-24
3H.5-5 Interior Wall on Column Line 7.3 Details of Wall Reinforcement................cccveeenneen. 3H-25
3H.5-6 Interior Wall at Column Line L Forces and Moments in Critical Locations ............... 3H-26
3H.5-7 Interior Wall on Column Line L Details of Wall Reinforcement ...............cccceevveennnen. 3H-27
3H.5-8 Design Summary of Spent Fuel Pool Wall Design Loads, Load Combinations,

and Comparisons to Acceptance Criteria Element No. 1218 (Sheets 1 — 5)................ 3H-28
3H.5-9 Shield Building Roof Reinforcement Summary (Sheets 1 —3) .......ccocevinviiiceneennne. 3H-33
3H.5-10 Design Summary of Roof at Elevation 180"-0", Area 6........c.cccccvvevcreeerveenieeeiieeeenennn 3H-36
3H.5-11 Design Summary of Floor at Elevation 135'-3" Area 1 (Between Column

LIiNES M ANA P) .ottt a e 3H-37
3H.5-12 Design Summary of Floor at Elevation 135'-3" Area 1 (Tagging Room Ceiling)....... 3H-38
3H.5-13 Design Summary of Floor at Elevation 135-3” Area 1 (Main Control

ROOM COIIING) ...ttt sttt e 3H-39
Tier 2 Material XVviii Revision 12



3. Design of Structures, Components,

Equipment and Systems AP1000 Design Control Document
LIST OF FIGURES

Figure No. Title Page
3.3-1 Velocity Pressure Variation with Radius from Center of Tornado............cccceecveerevennnee. 3.3-6
3.4-1 Nuclear Island Waterproofing Below Grade .........c..ccocerviirviiiniiniiinicnneinieenicniceens 3.4-24
3.6-1 Typical U-Bar RESTIAINT .........ceeeviiiiiieiieciie ettt svee e e reeeesaeesaeeenenas 3.6-47
3.6-2 Typical Energy Absorbing Material Restraint..........ccocccocerveenienicniinicnnennenecnene 3.6-48
3.6-3 Terminal Ends Definitions ..........coceeriiriiiiiniiiiieceeece et e 3.6-49
3.7.1-1 Horizontal Design Response Spectra Safe Shutdown Earthquake .............cccccoeeenin. 3.7-80
3.7.1-2 Vertical Design Response Spectra Safe Shutdown Earthquake............ccccocovvevveeennenn. 3.7-81
3.7.1-3 Design Horizontal Time History, "H1" Acceleration, Velocity &

DiSplacement PIOLS.......cccuueeiuiieiiieeieeeieeeiie et e et e e e e steeeeeeessaeeesaeessseesssseesssaesnseeas 3.7-82
3.7.14 Design Horizontal Time History, "H2" Acceleration, Velocity &

DiSPlacemeEnt PIOLS.......cccuuieiuiieiiieeciieeiieeieeete e et e et eeteeeeteessaeeessaeessseesnssessssaesnseeas 3.7-83
3.7.1-5 Design Vertical Time History Acceleration, Velocity & Displacement Plots.............. 3.7-84
3.7.1-6 Acceleration Response Spectra of Design Horizontal Time History, "H1"................. 3.7-85
3.7.1-7 Acceleration Response Spectra of Design Horizontal Time History, "H2" ................. 3.7-86
3.7.1-8 Acceleration Response Spectra of Design Vertical Time History .........c.cccocveeeveeennenn. 3.7-87
3.7.1-9 Minimum Power Spectral Density Curve (Normalized t0 0.3g)......c.cccceviirieeneenncnns 3.7-88
3.7.1-10 Power Spectral Density of Design Horizontal Time History, "H1"...........ccceeevveenenn. 3.7-89
3.7.1-11 Power Spectral Density of Design Horizontal Time History, "H2" ........c.cccocceevenncen. 3.7-90
3.7.1-12 Power Spectral Density of Design Vertical Time HiStory .........cccoocvvvevcvveerieencveeenenennn 3.7-91
3.7.1-13 Damping Values for Cable Trays & SUpports..........cceceveervierneenecnieerseeneeneeneennneens 3.7-92
3.7.1-14 Nuclear Island Structures Dimensions..........c.ceeueereerieriiinieeneenieneeesee et 3.7-93
3.7.2-1 3-D Finite Element Model of Coupled Shield & Auxiliary Building...........ccccouec...e. 3.7-94
3.7.2-2 3-D Finite Element Model of Containment Internal Structures............ccccceveveevueennenne. 3.7-95
3.7.2-3 Coupled Shield & Auxiliary Building Finite Element Model ............cccccocccrceniennnnne 3.7-96
3.7.2-4 Coupled Shield & Auxiliary Building Lumped Mass Stick Model

(NOTth-SOUth) (SHEEL 1) ...uiiiiieiiiieieiiie ettt e et e e eevae e e eebae e e eenbaaeeeenes 3.7-97
3.7.2-4 Coupled Shield & Auxiliary Building Lumped Mass Stick Model

(EaSt-West) (SHEEE 2) ..eeuviiiiieiiiieeeiiee ettt ettt e et e e eetae e e s vaeeeesntbaeessssseeaeensseaeeannes 3.7-98
3.7.2-5 Steel Containment Vessel Lumped Mass Stick Model..........c.ccccceevviverciieecieenieennens 3.7-99
3.7.2-6 Containment Internal Structure Mass Stick Model (North-South) (Sheet 1)............. 3.7-100
3.7.2-6 Containment Internal Structure Mass Stick Model (East-West) (Sheet 2)................. 3.7-101
3.7.2-7 Reactor Coolant Loop Lumped Mass Stick Model...........cccceevvirviiiniineencnicnneennen. 3.7-102
3.7.2-8 Polar Crane MOdel .........cooueiiiiiiiiiiiiieeeee et 3.7-103
3.7.2-9 Coupled Shield and Auxiliary Buildings Modeshape Plots (Sheets 1 — 16).............. 3.7-104
3.7.2-10 Steel Containment Vessel Modeshape Plots (Sheets 1 —4)......cccccevevvevceeecieenveennne. 3.7-120
3.7.2-11 Containment Internal Structures Without RCL Modeshape Plots

(SREELS 1 — 6) ettt ettt ettt sbe e st st et e be e b e b 3.7-124
3.7.2-12 Nuclear Island Key Structural Dimensions Plan at El. 66'-6" (Sheet 1)................... 3.7-131
3.7.2-12 Nuclear Island Key Structural Dimensions Plan at El. 82'-6" (Sheet 2).................... 3.7-133
3.7.2-12 Nuclear Island Key Structural Dimensions Plan at El. 100-0" & 107'-2"

(SREEE 3) ettt st ettt et e b et sttt et sbe e bt e st 3.7-135
3.7.2-12 Nuclear Island Key Structural Dimensions Plan at El. 117'-6" (Sheet 4).................. 3.7-137
3.7.2-12 Nuclear Island Key Structural Dimensions Plan at El. 135’-3" (Sheet 5).................. 3.7-139
Tier 2 Material Xix Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

Figure No.

LIST OF FIGURES (Cont.)

Title Page

3.7.2-12 Nuclear Island Key Structural Dimensions Plan at El. 153’-0" & 160'-6"

(SREEE 0) ..ttt ettt ettt st s b e ettt be et 3.7-141
3.7.2-12 Nuclear Island Key Structural Dimensions Plan at El. 160’-6" & 180'-0"

(SREEE 7) ettt ettt sttt et ettt h e et she et be et 3.7-143
3.7.2-12 Nuclear Island Key Structural Dimensions Section A - A (Sheet 8) ........ccceveeveenneee. 3.7-145
3.7.2-12 Nuclear Island Key Structural Dimensions Section B - B (Sheet 9)............ccccocee. 3.7-147
3.7.2-12 Nuclear Island Key Structural Dimensions Sections C - C and H - H

(SREEE 10) .euviiiieeie ettt ettt st e et e e et e e bee et eesbeenbeense e seesseesnbeenseensaens 3.7-149
3.7.2-12 Nuclear Island Key Structural Dimensions Section G - G (Sheet 11) .........ccue....... 3.7-151
3.7.2-12 Nuclear Island Key Structural Dimensions Section J - J (Sheet 12).......cccccceeueeennee. 3.7-153
3.7.2-13 Nuclear Island Seismic Analysis MOdeIS ........c.ccecuvrerriririieiiieerieeeieesiee e 3.7-155
3.7.2-14 Typical Design Floor Response Spectrum.........c..ccocueevueerienierieeneeneenieneeieeneeaee 3.7-156
3.7.2-15 Coupled Shield and Auxiliary Buildings SSE Floor Response Spectra

(SREELS 1 — 15)uiiiiieiiieie ettt ettt ettt et ettt e st e satesnseenteesseesseesnnesaneans 3.7-157
3.7.2-16 Steel Containment Vessel SSE Floor Response Spectra (Sheets 1 — 6) .................... 3.7-172
3.7.2-17 Containment Internal Structures SSE Floor Response Spectra (Sheets 1 —9)........... 3.7-178
3.7.2-18 Connection Between Lumped Mass Stick Model — Fixed Base Analysis.................. 3.7-187
3.7.2-19 Annex Building Key Structural Dimensions Plan at Elevation 100’-0"

(SREEE 1) ettt ettt sttt et e sbe e sbeesaee e 3.7-189
3.7.2-19 Annex Building Key Structural Dimensions Plan at Elevation 107'-2"

ANd 117"-6" (SREEE 2)....eiiuiiiiieiieeie ettt sttt 3.7-191
3.7.2-19 Annex Building Key Structural Dimensions Plan at Elevation 135'-3"

(SREEE 3) ettt ettt sttt ettt et sttt e b e nbe e sbee st 3.7-193
3.7.2-19 Annex Building Key Structural Dimensions Plan at Elevation 158'-0"

ANd 146-3" (SREEE 4)....eiiieiieeiieee ettt ettt st s 3.7-195
3.7.2-19 Annex Building Key Structural Dimensions Roof Plan at Elevation 154'-0"

and 181"-11 3/4" (SREEE S) «uveeiieeiiee ettt 3.7-197
3.7.2-19 Annex Building Key Structural Dimensions Section A - A (Sheet 6)........cc..cco........ 3.7-199
3.7.2-19 Annex Building Key Structural Dimensions Section B - B (Sheet 7) .........cccuee....... 3.7-201
3.7.2-19 Annex Building Key Structural Dimensions Section C - C (Sheet 8) ........ccc.ccoee.e. 3.7-203
3.7.2-19 Annex Building Key Structural Dimensions Sections D-D,E-E, & F-F

(SREEE ) .ttt ettt st ettt e bt et e st e et e e be et e e beesaeesnbeenseenteetaens 3.7-205
3.7.2-19 Annex Building Key Structural Dimensions Sections G-G,H-H, & J -J

(SREEL 10) .entiiiieeie ettt ettt ettt e e te et e e s st e e st e e nbe et e e beesbeesbeesnseenseensaens 3.7-207
3.7.3-1 Impact EValuation ZOMe ..........ccceeeeveeiriieeririeeieesieeesreesteeesreesseeeseseesseeessseessssesssnes 3.7-209
3.7.3-2 Impact Evaluation Zone and Seismic Supported Piping.......c..cccccevveirviinccnvicnnieennen. 3.7-210
3.8.2-1 Containment Vessel General Outline (SheetS 1 —3) coooevvvviiiiiiiieeeeeeeeeeeeeee e 3.8-93
3.8.2-2 Equipment HatChes .........cociiiiiiiiiiiiin ettt 3.8-97
3.8.2-3 Personnel ArTOCK ... ...coouiiiiiiiiii e e 3.8-99
3.8.2-4 Containment Penetrations Main Steam (Sheet 1) ......cccoeveeiiiiiiiiiiiieiiiee e, 3.8-101
3.8.24 Containment Penetrations Startup Feedwater (Sheet 2) ......c.ccoccvveveiieicieinieeeieene, 3.8-102
3.8.2-4 Containment Penetrations Normal RHR Piping (Sheet 3)........cccccvvirviincincnnennnen. 3.8-103
3.8.2-4 Containment Penetrations (SHEEt 4) .......covveveeeeiiiiiiieeeeeeeeee e 3.8-104
Tier 2 Material XX Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

LIST OF FIGURES (Cont.)

Figure No. Title Page
3.8.2-4 Containment Penetrations Fuel Transfer Penetration (Sheet 5)........oooovvvvvvvvnnennne... 3.8-105
3.8.24 Containment Penetrations Typical Electrical Penetration (Sheet 0) ..........cc..ccocec...e. 3.8-107
3.8.2-5 Containment Vessel Response to Internal Pressure of 59 psig

Displaced Shape Plot (Sheet 1) ....coc.ooviiriiiiiiiiiiiiieieeeccceeeeece e 3.8-109
3.8.2-5 Containment Vessel Response to Internal Pressure of 59 psig

Membrane Stresses (KS1) (SNEEL 2) ..ouuviiiieiiiieieiiiie ettt e 3.8-110
3.8.2-5 Containment Vessel Response to Internal Pressure of 59 psig

Surface Meridional Stress (KSi) (SHEEt 3) ...ccivciiiiieiiiiieeeiiee et 3.8-111
3.8.2-5 Containment Vessel Response to Internal Pressure of 59 psig

Outside Surface Stresses (KSi) (Sheet 4).....coiivcviieieciiieeeiiiee et 3.8-112
3.8.2-5 Containment Vessel Response to Internal Pressure of 59 psig

Outer Stress Intensity (KSi) (ShEet 5)...c..eeviiiiiiiiiiiiiiieieeee et 3.8-113
3.8.2-6 Containment Vessel Axisymmetric Model (Sheets 1 —2)....ccoecivevciieicieenieeeeeeee, 3.8-114
3.8.2-7 Finite Element Model for Local Buckling Analyses .........ccccccecueeveeneenienniennieenneenne 3.8-116
3.8.2-8 Location of Containment Seal (SHEEt 1).....c..uuvveviiiiiiiiiiiieieeeeeeeeeeeeeee e 3.8-117
3.8.2-8 Seal Sections and Details (SHEEt 2) ......ccuviiieiiiiiiiiiiie et e e eevaee e 3.8-118
3.8.3-1 Structural Modules in Containment Internal Structures (Sheets 1 —7) ....ovvvveeeeennne. 3.8-119
3.8.3-2 Typical Structural Wall Module...........cocooviiniiiiiiiiiniiniciiececeeceeeeeeee e 3.8-126
3.8.3-3 Typical Structural FIoor MOAUIE ..........c.cooeiiiiiiiiiieeiee et 3.8-127
3.8.34 Reactor VEssel SUPPOITS......cccueeiiriiiiiiiieieente ettt et 3.8-129
3.8.3-5 Steam Generator Supports (Sheets 1 — 5) .covviiiiiiiiieieeeeee e 3.8-131
3.8.3-6 Pressurizer Support Columns (Sheet 1)......cccovieviiiiiniininiiiieccececeee 3.8-138
3.8.3-6 Pressurizer Lower Lateral Supports (Sheet 2) .......cccvevveiieiieeiiieeiieeeieeeee e 3.8-139
3.8.3-6 Pressurizer Lower Supports (Sheet 3) ....c..cooiiiiiiiiniinienicniieeeecececeeeeeeeee 3.8-140
3.8.3-6 Pressurizer Upper Supports (SHEet 4).......cocvieeviieeeieeiie et 3.8-141
3.8.3-7 IRWST Temperature Transient ........cocueecueerieereereeriernieenieeneeeeeereesieesee e enee e 3.8-142
3.8.3-8 Structural Modules — Typical Design Details (Sheets 1 —3)......cccccvvvvvieecieeecneeennee, 3.8-143
3.8.39 Test Tank Finite Element Model...........ccooooiiiiiiiiiiiiiiieeeeeeeesee e 3.8-149
3.8.3-10 IRWST Fluid Structure Finite Element Model CIS Structural Model

(SREEE 1) cueieeieeiie ettt et e e te et esaa e et eebe et e e beesaeesneeenseenseeseens 3.8-150
3.8.3-10 IRWST Fluid Structure Finite Element Model IRWST Structural Model

(SREEE 2) .ottt ettt ettt ettt sttt et este e s bt e saaeenbeeabe et e e neesaeesnbesnteenseetaens 3.8-151
3.8.3-11 IRWST Fluid Structure Finite Element Model Fluid Model............ccccccoooeeniinennen. 3.8-152
3.8.3-12 IRWST Fluid Structure Finite Element Model Sparger Region Detail ..................... 3.8-153
3.8.3-13 Effective Sections for FIoor Modules...........cocceeriiiiiiiiinieniiiiieeeneeic e 3.8-154
3.8.3-14 CA-01 Module (SREEt 1) ....cceieiieiieiieeieeie ettt ettt st saeesene e s 3.8-155
3.8.3-14 CA-02 Module (ShEEt 2) ....cueiiiiiiiiiieiieeie ettt s 3.8-156
3.8.3-14 CA-03 Module (SHEt 3) ....cceieiieiieiieeieeie ettt ettt e e e seneeane s 3.8-157
3.8.3-14 CA-04 Structural Module (Sheet 4) .......coouiiiiiiiiiiiiieeeteee e 3.8-158
3.8.3-14 CA-05 ModUule (SHEEL 5) ...cccueiiiieiieiieeie ettt ettt sttt esaae e s 3.8-159
3.8.3-15 Typical SUbmodule (ShEEtS 1 — 2)....ciiiiieeiiieeiiieriie et e e e 3.8-160
3.8.3-16 Typical Liner MOQUIES ........cccueeiiiiiiniiiiieienicneeeteetc ettt 3.8-163
3.8.3-17 Structural Modules — Typical Design Details (Sheets 1 —2)......cccccevvvvieecieeecneeennne. 3.8-165
Tier 2 Material xxi Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

LIST OF FIGURES (Cont.)

Figure No. Title Page
3.8.3-18 Location of Structural Wall ModUules ...........cooeeriiiiiiiiinienieiceeeieesie e 3.8-169
3.8.4-1 Containment Air Baffle General Arrangement (Sheet 1) .........ccocceevviiiniiiinienninenne 3.8-170
3.8.4-1 Containment Air Baffle Panel Types (Sheet 2) .....c.coovvveiieiiiiiieeciieeiieeee e 3.8-171
3.8.4-1 Containment Air Baffle Typical Panel on Cylinder (Sheet 3) .....c...ccccceceevieniennenne. 3.8-172
3.8.4-1 Containment Air Baffle Sliding Plate (Sheet 4) ........ccocveveiieiiiiiciieciiecee e 3.8-173
3.8.4-2 Passive Containment Cooling Tank ........cc.ccceceriirniinieniiiniineeeeeeeceeeeee e 3.8-174
3.8.4-3 Finite Element Model of Shield Building Roof..........c.ccccovviviiiiniiiiiiiie e 3.8-175
3.8.4-4 Structural Modules in Auxiliary Building (Sheets 1 —5) ..ccccooovviiiiiincniniiiieeen. 3.8-176
3.8.5-1 Foundation PIan ..........cccooiiiiiiiiiiee e 3.8-181
3.8.5-2 Isometric View of Finite Element Model (Sheet 1).......ccccoecviiiieciiiieniiieeeeiee e, 3.8-183
3.8.5-2 Isometric View of Finite Element Model Including Superelements (Sheet 2)........... 3.8-184
3.8.5-3 Basemat Reinforcement — Bottom Face (Sheet 1) .......ccceevciiiiiiiiiiiiiiiieeeee e, 3.8-185
3.8.5-3 Basemat Reinforcement — Top Face (Sheet 2) ......cccoeeeveeveiieeiiiecciie e 3.8-186
3.8.5-3 Basemat Reinforcement — Top Face Below Containment Vessel (Sheet 3)............... 3.8-187
3.8.5-3 Basemat Reinforcement — Cross Section (Sheet 4) .....coovvvveeeiiiiieiiiieeeeeeee e 3.8-188
3.8.5-3 Basemat Shear Reinforcement (Sheet 5) .....ccvivveviiieeeiiiiiiiiieeeeee e 3.8-189
3.9-1 Reactor Vessel SUbmMOdEl............oooueiiiiiiiiiiiiiiieecee e 3.9-170
3.9-2 Reactor Vessel Lower Internals Submodel.............ccooceieiiiiniiiiiiiiniiiiiieieeeieee, 3.9-171
3.9-3 Reactor Vessel Upper Internals and Fuel Submodel .............ccooociiiiiiiiiiiniiiieen, 3.9-172
3.9-4 Control Rod Drive MechaniSm ...........cccoecieiriiiiiiiiiniieeiieeniee ettt 3.9-173
3.9-5 Lower Reactor INternals ..........cooveeriiiiiiiiiiiiiiieieecceeeeceee e 3.9-174
3.9-6 Upper Core SUPPOIt STIUCTUTE.......ccueeruteriieieeieenteeteeteentee sttt et e sieesere e esree e sene 3.9-175
3.9-7 Integrated Head PaCKage ........cccvvveiuiiiiiiieiieciie ettt e e et 3.9-176
3.9-8 Reactor Internals Interface Arrangement...........ccccceveereerieriieeneenicnieniieeeeseeneeaee 3.9-177
3B-1 Typical Bounding Analysis Curve (BAC)........coooveeviiiiriieeieeeiee et 3B-21
3B-2 Bounding Analysis Curve for Primary Loop Hot Leg..........ccocccvviiiiininiiniinniinnenne 3B-22
3B-3 Bounding Analysis Curve for Primary Loop Cold Leg .......ccccoccvveveiirenciieeiieciie e 3B-23
3B-4 Bounding Analysis Curve for 38” Main Steam Line.........ccccceeeeveeneeniinicnneenecnnncne 3B-24
3B-5 Bounding Analysis Curve for 20” Normal RHR ...........ccccooviiiiiiiiiieeeece e 3B-25
3B-6 Bounding Analysis Curve for 18” Surge Line (Sheets 1 —2)....c..cccccevviriirninnicnncns 3B-26
3B-7 Bounding Analysis Curve for 18” PRHR Supply/ADS 4........cccovvveivevciieiieeeeeeene 3B-28
3B-8 Bounding Analysis Curve for 14” PRHR Supply to Cold Trap,

PRHR SUppLy/ADSA ... .ottt st sttt 3B-29
3B-9 Bounding Analysis Curve for 14” PRHR Supply after Cold Trap,

Return — to IS0lation ValVe..........cooeiiiiiiiiiiiiiiiiieiee ettt 3B-30
3B-10 Bounding Analysis Curve for 14” ADS Stage 2, 3.......ccoveriervienieneenicniceeeneeneene 3B-31
3B-11 Bounding Analysis Curve for 14” PRHR Return — after Isolation Valve,

14" PRHR REUIML.....tiiiiiiiiiieeiieeetee ettt ettt ettt sateesbeeesabee s 3B-32
3B-12 Bounding Analysis Curve for 12” PRHR Vent Line.........ccccccevevvvevcieeiciieieeeieeeen 3B-33
3B-13 Bounding Analysis Curve for 8” Accumulator to Isolation Valve............cccceeevvereerennnenn. 3B-34
3B-14 Bounding Analysis Curve for 8” CMT Cold Leg Balance Line and Vent,

DVICold Trap t0 RV .ttt st 3B-35
3B-15 Bounding Analysis Curve for 8" CMT, DVI IWRST (Various Sections)................... 3B-36
Tier 2 Material xxii Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

LIST OF FIGURES (Cont.)

Figure No. Title Page
3B-16 Bounding Analysis Curve for 8” ADS Stage 2, 3......ccccooiiririiiniineniciieeeenecneene 3B-37
3B-17 Bounding Analysis Curve for Accumulator after Isolation Valve.........ccc.ccocceeciennn. 3B-38
3B-18 Bounding Analysis Curve for RNS Discharge .........cccccooveeriiriiiniiniiniiniiieenecnee 3B-39
3B-19 Bounding Analysis Curve for ADS Header to RCS Safety Valve.........ccccoccevennne 3B-40
3B-20 Bounding Analysis Curve for 12” Normal RHR ..........cccccoiiiniiiiiiiiccicen 3B-41
3B-21 Bounding Analysis Curve for 10” Normal RHR ..........ccccooiiniiiiiiiicee 3B-42
3D.5-1 Typical Abnormal Environmental Test Profile: Main Control Room (Sheet 1) ......... 3D-48
3D.5-1 Typical Abnormal Environmental Test Profile: DC Equipment

Rooms 12203 and 12207 (SREEL 2) ...eeieeeiiieeeeiiiieeeitee ettt e et e e eeevreeeeavaeeeeas 3D-49
3D.5-1 Typical Abnormal Environmental Test Profile: 1&C Rooms 12302

and 12304 (SHEET 3) ..uueiiiiiieiieeeeet ettt ettt st 3D-50
3D.5-1 Typical Abnormal Environmental Test Profile: Voltage and Frequency

Variations (SHEEL 4).....cceeeuiiiiieiiiie ettt ettt e e et e e e et e e e sarbeeesebaeeeeesbaeeesensaeeeeans 3D-51
3D.5-2 Gamma Dose and Dose Rate Inside Containment After a LOCA .........ccccccocieveennen. 3D-52
3D.5-3 Beta Dose and Dose Rate Inside Containment After a LOCA ..........cooceeviiniinniennenne 3D-53
3D.5-4 Gamma Dose and Dose Rate Inside Containment After a Steam Line Break ............. 3D-54
3D.5-5 Beta Dose and Dose Rate Inside Containment After a Steam Line Break................... 3D-55
3D.5-6 Containment Temperature Design Conditions: LOCA (Sheet 1) ......cccccevevveevicrncnne 3D-56
3D.5-6 Containment Pressure Design Conditions: LOCA (Sheet 2)......cccoeveveviienieirneennnen. 3D-57
3D.5-7 Containment Temperature Design Conditions: MSLB (Sheet 1)......cccccoceeverviennnne 3D-58
3D.5-7 Containment Pressure Design Conditions: MSLB (Sheet 2).......cccooevvvieenieinniennnen. 3D-59
3D.5-8 Typical Combined LOCA/SLB/FLB Inside Containment Temperature Test

Envelope (ShEets 1 — 2)...ciiiiiiiieeiieieeete ettt et ettt s 3D-60
3D.5-9 Outside Containment Temperature Test Envelope.......c.cccoocevieriiiniiniiinicnnencnncns 3D-62
3D.C-1 Histogram of Threshold Gamma Dose for Mechanical Damage to Elastomers,

Plastics, and Encapsulation Compounds ..........c.cccocuervieereeneeniiennieeneeneeniieesreenieennenas 3D-95
3D.D-1 Frequency Distribution of Activation Energies of Various Components/

Materials (EPRIDAtA) .......c..viiieiiiiieieiiieeeeieeeeeieee e eitee e sitee e e ebee e e evaeeeesveee e eevaeas 3D-104
3D.D-2 Frequency Distribution of Activation Energies of Various Components/

Materials (Westinghouse Data) ...........cceeeeieiiiiiiiniiieiieeieeeee et 3D-105
3D.D-3 Post-Accident Temperature Profile ..........ccccooeiviriiiiiininiinicececececeeeeeen 3D-106
3E-1 High Energy Piping — Steam Generator System (Sheets 1 —2)........cocceviirvenncencnnen. 3E-3
3E-2 High Energy Piping — Normal Residual Heat Removal System........c..cccccceveenienneenee. 3E-7
3E-3 High Energy Piping — Reactor Coolant System (Sheets 1 —2)....c..ccoceveeniinenncnncnnens 3E-9
3E-4 High Energy Piping — Passive Core Cooling System (Sheets 1 —2) ......cccccevereenenne. 3E-13
3E-5 High Energy Piping — Chemical and Volume Control System (Sheets 1 —2)............. 3E-17
3H.2-1 General Layout of Auxiliary Building........c.cccovieriiiiiiiiiiiiiiecieeeceeeeee e 3H-40
3H.5-1 Nuclear Island Critical Sections Plan at E1. 135’-3 (Sheet 1) ...cccuvvveveiiiiiiiiiiiiieeeeeen, 3H-41
3H.5-1 Nuclear Island Critical Sections Plan at E1. 180’-0" (Sheet 2)........ccoveveevvivinreeeeeeeeenn. 3H-42
3H.5-1 Nuclear Island Critical Sections Plan Section A-A (Sheet 3).....coovvvvviveiiiiiiirieeeeeeenn, 3H-43
3H.5-2 Wall on Column Line 1 ....cc.oooiiiiiiiiiiiiiiici e 3H-44
3H.5-3 Typical Reinforcement in Wall on Column Line 1 ........ccccoccvveviiiienieeiiiiiiiecee e 3H-45
3H.5-4 Typical Reinforcement in Wall 7.3 (Sheet 1) ......coocoviininiiiniiniieececee 3H-46
3H.5-4 Typical Reinforcement in Wall 7.3 (Additional Details) (Sheet 2) .........ccceeevveeveennenn. 3H-47
Tier 2 Material xxiii Revision 12



3. Design of Structures, Components,
Equipment and Systems AP1000 Design Control Document

LIST OF FIGURES (Cont.)

Figure No. Title Page
3H.5-5 Concrete Reinforcement in Wall 11 (Sheet 1)....coovvvueeeiiiiiiiiieeeeee e 3H-48
3H.5-5 Concrete Reinforcement Layers in Wall 11 (Looking East) (Sheet 2) .........ccceeveeneen. 3H-49
3H.5-5 Wall 11 at Main Steamline Anchor Section A-A (Sheet 3)......coovvvvvveeeiiiiiiiiiieeenne.. 3H-50
3H.5-6 Aucxiliary Building Typical Composite FIOOT ........cc.ccooveriiniiniiiiiiiicnicnecrecceeene 3H-51
3H.5-7 Typical Reinforcement and Connection to Shield Building ...........ccceeeveeveveerreeennnn. 3H-53
3H.5-8 Auxiliary Building Tagging Room Ceiling ..........cocceevieiiinieniiniiiiiiiieneenecneceeeee 3H-55
3H.5-9 Auxiliary Building Finned Floor (Sheets 1 —3) ....cccoooiiiiiieiiiecieeeecee e 3H-57
3H.5-10 Spent Fuel Pool Wall Divider Wall Element Locations ...........cccceecveeveeeneeneeneenneeenne 3H-60
3H.5-11 Shield Building ROOT (ShEet 1) ...c..eveuiiieiiieiiecie ettt 3H-61
3H.5-11 Shield Building Roof Typical Reinforcement (Sheets 2 — 8) ......cccccevvievieinienienniennne 3H-62
3H.5-12 Typical Reinforcement in Wall L.........ccccoociiiiiiiiiiieiiecie e 3H-69
Tier 2 Material XXxiv Revision 12



	Tier 2 Master TOC


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


